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ABSTRACT
The d e m e r s a l  f i s h  community o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f  i n  t h e  
M idd le  A t l a n t i c  B i g h t  c o n s i s t s  o f  r e s i d e n t  s p e c i e s ,  s e a s o n a l  s p e c i e s  
w i th  b o r e a l  a f f i n i t i e s ,  and s e a s o n a l  s p e c i e s  w i th  warn t e m p e r a t e  
a f f i n i t i e s .  Dominant  d e m e r s a l  f i s h e s  o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f  
feed  p r i m a r i l y  on m a c r o b e n t h i c  i n v e r t e b r a t e s ,  which  p e r s i s t  i n  d e n s e ,  
s t a b l e  c o m m u n i t i e s .  Some d o m in a n t  p r e d a t o r s  a l s o  f e e d  h e a v i l y  on 
f i s h e s ,  c e p h a l o p o d a ,  and p l a n k t o n i c  i n v e r t e b r a t e s ,  a t  l e a s t  
s e a s o n a l l y .  Food h a b i t s  o f  t h e  f i s h e s  c h an g e  s e a s o n a l l y ,  e s p e c i a l l y  
a t  t h e  s p e c i e s  l e v e l .  Food h a b i t s  o f  f i s h e s  a l s o  c h a n g e  c o n s i d e r a b l y  
w i t h  s i z e ,  w i t h  m o s t  p r e d a t o r s  s h o w in g  d i s t i n c t  f e e d i n g  s t a n z a s  
s e p a r a t e d  by a marked  c h an g e  i n  f e e d i n g  s t r a t e g y .
E l e c t i v i t y  p a t t e r n s  o f  p r e d a t o r s  upon th e  b e n t h o s  were  v a r i e d  
w i th  r e s p e c t  t o  p r e y  d i s t r i b u t i o n  and abundance  p a t t e r n s .  Borne 
dom in an t  b e n t h i c  s p e c i e s  were  n o t  s e l e c t e d  as  f o o d .  O t h e r  r a r e r  
s p e c i e s  were p r e f e r e n t i a l l y  s e l e c t e d .  Some p r e y  s p e c i e s  t h a t  v a r i e d  
i n  a b u n d an c e  w i t h  r e s p e c t  t o  h a b i t a t  s t r a t a  were  e a t e n  i n  p r o p o r t i o n  
t o  t h e i r  abundance  i n  most  h a b i t a t s .  O t h e r s  were e a t e n  o n l y  w h e re  
v e ry  a b u n d a n t ,  o r  w e re  consumed i n  m o d e r a t e  amounts  r e g a r d l e s s  o f  
t h e i r  abundance  i n  t h e  b e n t h o s .  S e v e r a l  f a c t o r s  may a c c o u n t  f o r  t h e s e  
p a t t e r n s .
Most  p r e d a t o r  s p e c i e s  s h a r e d  many p rey  s p e c i e s .  O v e r l a p  i n  d i e t  
anong t h e  p r e d a t o r s  v a r i e d  s e a s o n a l l y ,  w i t h  o v e r l a p  r e l a t i o n s h i p s  
c h a n g i n g  as  s p e c i e s  and  s i z e  c l a s s  c o m p o s i t i o n  o f  t h e  p r e d a t o r s  
ch a n g e d .  I n t r a s p e c i f i c  d i e t  o v e r l a p  b e t w e e n  f e e d i n g  s t a n z a s  was low ,  
but  h i g h e r  i n t e r s p e c i f i c  o v e r l a p  o c c u r r e d  be tw ee n  s p e c i e s  o f  s i m i l a r  
s i z e .  D i e t a r y  o v e r l a p  was lo w e s t  i n  t h e  s p r i n g ,  when p l a n k t o n i c  and 
n e k t c m ic  o r g a n i s m s  w e r e  construed  by m o s t  s i z e  c l a s s e s  o f  d o m i n a n t  
p r e d a t o r s .  A l t h o u g h  many i m p o r t a n t  p r e y  s p e c i e s  were  consumed by 
s e v e r a l  p r e d a t o r s ,  some were s e l e c t i v e l y  c o n s m e d  by o n ly  a few 
p r e d a t o r s ,  so t h a t  t h e r e  was n e v e r  c o m p l e t e  d i e t a r y  o v e r l a p  b e t w e e n  
two s p e c i e s .
x i l i
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INTRODUCTION
S t u d i e s  o f  t h e  food h a b i t *  o f  f i s h e s  a r e  e s s e n t i a l  t o  a c o m p l e t e  
u n d e r s t a n d i n g  o f  t h e  f u n c t i o n a l  r o l e  o f  f i s h e s  i n  a q u a t i c  e c o a y a t e n a .  
R e s e a r c h  in  t h i s  f i e l d  h a s  r e s u l t e d  in  an a b u n d a n c e  o f  p a p e r s  d e a l i n g  
w i t h  t h e  food  h a b i t s  o f  i n d i v i d u a l  s p e c i e s ,  b u t  f e w e r  s t u d i e s  h a v e  
r e l a t e d  food h a b i t s  t o  community s t r u c t u r e ,  i n c l u d i n g  p a t t e r n s  o f  
c o m p e t i t i o n ,  r e s o u r c e  p a r t i t i o n i n g  o r  p r e y  s e l e c t i v i t y .  Some 
e x p e r i m e n t a l  and  f i e l d  s t u d i e s  h a v e  f o c u s e d  o n  r e s o u r c e  p a r t i t i o n i n g ,  
i n c l u d i n g  f o o d  s u b d i v i s i o n  in  c l o s e l y  r e l a t e d  s p e c i e s  (M cEachran  
a l . ,  1976; W erne r  and  H a l l ,  1976;  Chao and M u s i c k ,  1977;  R o s a ,  1 9 7 7 ) .  
F ew er  s t u d i e s  h a v e  d e a l t  w i t h  t h e  f e e d i n g  e c o l o g y  o f  e n t i r e  m a r i n e  
f i s h  c o m n i i n i t i e s  ( T y l e r ,  1 9 7 2 ) .  S tudy  o f  d i e t  o v e r l a p  vs e s s e n t i a l  t o  
u n d e r s t a n d i n g  c o m p e t i t i v e  c o - e x i s t e n c e  o f  s p e c i e s  and s p e c i e s  
d i v e r s i t y  ( P y k e  je t  s_l, , 1977) and h e n c e  com m uni ty  s t r u c t u r e .  R e c e n t  
t h e o r e t i c a l  m o d e l s  o f  o p t i m a l  f o r a g i n g  t h e o r y  h a v e  b e e n  p r o p o s e d  
( S c h o o n e r ,  1 9 7 1 ;  M a c A r th u r ,  1972;  C h a rn o v ,  1 9 7 3 ;  W e r n e r ,  1974;  P y k e  e t  
a l . , 1977; a n d  o t h e r s ;  s e e  Pyke ,  1 9 7 9 ) ,  b u t  few o f  t h e a e  s t u d i e s  h a v e  
b e e n  s u b s t a n t i a t e d  w i t h  f i e l d  o b s e r v a t i o n s  (W e rn e r  and H a l l ,  1 9 7 4 ) .
few f e e d i n g  s t u d i e s  have exam ined  p r e y  s e l e c t i o n  i n  f i s h e s ,  
p a r t i c u l a r l y  i n  b e n t h i c  e n v i r o n m e n t s  ( S m i t h ,  1 9 5 0 ;  Moore and M oore ,  
19 7 6 ;  A r n t i ,  1 9 7 8 ;  R i n g l e t ,  1 9 7 9 ) .  P r e d a t i o n  may be  i m p o r t a n t  i n  
r e g u l a t i n g  p o p u l a t i o n  a bundanc e  a n d ,  h e n c e ,  s t r u c t u r e  o f  c o m m u n i t i e s  
i n  w h ich  p r e y  s p e c i e s  a r e  members (D ay to n  and  H e s s l e r ,  1972;  P a i n e ,  
1 9 7 4 ;  V i r n a t e i n ,  1977;  P / k e  e t  i l . , 1977;  P e t e r s o n ,  1979 ;  V i r n s t e i n ,
1 9 7 9 ) .  An a n a l y s i s  o f  p r e d a t i o n  p a t t e r n s  and food s e l e c t i o n  i n  f i s h e s
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3i n  r e l a t i o n  t o  p r e y  a b u n d an c e  c a n  p r o v i d e  i n e i g h t  i n t o  t h e  m e c h a n i c s  
• t r u c t u r i n g  p r e y  c o m m u n i t i e s  and a f f e c t i n g  t h e i r  p o p u l a t i o n  d y n a m i c s .
The c o n t i n e n t a l  s h e l f  a r e a s  o f  t h e  M i d d l e  A t l a n t i c  B i g h t  h ave  
been  a fo cu s  of  b e n t h i e  b i o l o g i c a l  r e s e a r c h  i n  r e c e n t  y e a r s  ( B o e s c h ,  
1972; P r a t t ,  1973 ;  B t e i m l e  and S t o n e ,  1973 ;  P e a r c e  e t  a l - ,  1976) and 
d i s t r i b u t i o n  and ab u n d an c e  o f  f i s h e s  have  a l s o  b e e n  exam ined  ( T y l e r ,  
1971; M u s tek ,  1974;  McEachran and M u a ic k ,  1975 ;  C l a r k  and Brown, 1977 ;  
Mustek and M e r c e r ,  1977 ;  Musick e t  a l . , 1 9 7 9 ) .  With t h e  a d v e n t  o f  
p e t r o l e u t  r e s o u r c e  e x p l o r a t i o n  on t h e  o u t e r  c o n t i n e n t a l  s h e l f ,  
a d d i t i o n a l  r e s e a r c h  e f f o r t  has  b e e n  e x p e n d e d  i n  e n v i r o n m e n t a l  
benchmark s t u d i e s ,  c o n c e n t r a t i n g  on t h e  o u t e r  s h e l f .  T h ese  s t u d i e s  
have  i n c l u d e d  b i o l o g i c a l  s u r v e y s  o f  t h e  p l a n k t o n  ( G r a n t ,  1 9 7 8 ,  1 9 7 9 ) ,  
b e n t h o s  ( B o e i c h  e t  a l . , 1978;  B o e s c h ,  1979) and f i s h e s  (M u s ick  e t  a l . ,  
1979;  p r e s e n t  s t u d y ) .  S t u d i e s  o f  t h e  b e n t h o s  h a v e  b e e n  t h e  p r i n c i p a l  
fo cu s  o f  t h i s  r e s e a r c h  (Boesch  e ^  a K  , 1978 ;  B oesch ,  1 9 7 9 ) .  A g o a l  o f  
th e  p r e s e n t  a n a l y s i s  of  t h e  b e n t h i e  food o f  f i s h e s  i n  t h i s  h a b i t a t  i s  
t o  p r o v i d e  i n f o r m a t i o n  on p r e d a t i o n  a s  a mechanism f o r  s t r u c t u r i n g  
b e n t h i e  c o m m u n i t i e s  t h u s  e s t a b l i s h i n g  a b a s e l i n e  f o r  t h e  
i n t e r p r e t a t i o n  o f  s u b s e q u e n t  m a n - i n d u c e d  e n v i r o n m e n t a l  c h a n g e .
The f i s h  f a u n a  on  t h e  c o n t i n e n t a l  s h e l f  o f  t h e  M id d le  A t l a n t i c  
B ig h t  t o  c o n s i s t s  o f  a h i g h l y  m i g r a t o r y  componen t  o f  b o r e a l  and warm 
t e m p e r a t e  s p e c i e s  and a l e s s  spec l o s e  r e s i d e n t  com ponent  ( T y l e r ,  1971;  
Musick e ^  A l , t 1 9 7 9 ) .  Stomach c o n t e n t s  o f  some o f  t h e  d o m i n a n t  
s p e c i e s  on t h e  M idd le  A t l a n t i c  O u t e r  C o n t i n e n t a l  S h e l f  (OCS) h a v e  b e e n  
r e p o r t e d  i n  f a u n a l  and taxonom ic  w o rk s  and in l i f e  h i s t o r y  s t u d i e s
4{ B ig e lo w  and W e l s h ,  1925 ;  N i c h o l s  and B r e d e r ,  1927 ;  B i g e lo w  and 
S c h r o e d e r ,  1 9 5 3 ;  O l s e n  and M e r r i n a n ,  1946;  P i t s  and  D a i b e r ,  1963;  
R i c h a r d *  et_ * , 1963 ;  B s r a n a ,  1 9 6 9 )  and some food  h a b i t s  s t u d i e s  h ave  
b e e n  d o n e  ( J e n s e n  and f r i t * ,  1960 ;  S i  k o r a  ejt a_l_. > 1972 ;  V i n o g r a d o v ,  
1972 ;  M cEachran  et_ a^.. , 1 976 ) ,
T h e  p u r p o s e s  o f  t h i s  r e p o r t  a r e :  (11 t o  d e s c r i b e  t h e  food h a b i t s
o f  d o m i n a n t  d e m e r s a l  f i s h e s  on t h e  M id d le  A t l a n t i c  O u t e r  C o n t i n e n t a l  
S h e l f ;  ( 2 )  t o  r e l a t e  food  h a b i t s  o f  f i s h e s  t o  m e so scaL e  d i s t r i b u t i o n  
and a b u n d a n c e  p a t t e r n s  o f  b e n t h i e  p r e y  s p e c i e s ;  and  ( 3 )  t o  d e s c r i b e  
d i e t  o v e r l a p  p a t t e r n s  and r e l a t e  t h e s e  p a t t e r n s  t o  s e a s o n a l  p r e y  
a b u n d a n c e  -
MATERIALS AND METHODS
S t u d y  Area
T h i s  s t u d y  r e p r e s e n t s  a p o r t i o n  o f  a much l a r g e r  c h e m i c a l  and  
b i o l o g i c a l  b a s e l i n e  s t u d y  o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f ,  f u n d e d  by 
t h e  B ureau  o f  Land  Management  (BLM). S ix  c l u s t e r s  o f  s t a t i o n s  ( A - F )  
w ere  sampled  q u a r t e r l y  f o r  two y e a r s  ( F a l l  1 975 -S um ner  1577)  t o  
d e s c r i b e  b e n t h i e  f a u n a l  a s s e m b l a g e s  (B oesch ,  1579)  a n d ,  o f  t h e s e ,  two 
w ere  s e l e c t e d  f o r  i n t e n s i v e  f i a h  sam pl ing :  A r e a  B o f f  A t l a n t i c  C i t y ,
Hew J e r s e y ,  a n d  A r e a  E o f f  D e la w a r e  Bay ( F i g .  L) .  T hese  a r e a s  w e r e  
c h o s e n  s i n c e  t h e i r  c om plex  t o p o g r a p h y  o f f e r e d  g r e a t  h a b i t a t  v a r i e t y  
and b o th  w e r e  p e r c e i v e d  a t  t h a t  t i n e  a s  a r e a s  o f  h i g h  o i l  and g a s  
p o t e n t i a l .  T he  b o t t o m  o f  b o t h  a r e a s  i s  c h a r a c t e r i s e d  by a s e c i e s  o f  
r i d g e s ,  s w a l e s ,  s c a r p s ,  and f l a t s .  Both s t u d y  a r e a s  w ere  s t r a t i f i e d  
i n t o  s e v e n  p r e l i m i n a r y  s t r a t a ,  b a s e d  mainly  on d e p t h  d a t a  t a k e n  f ro m  
U .S .  G e o l o g i c a l  S u r v e y  C h a r t s  o f  t h e  a r e a  ( F i g -  2 )  and a l s o  on soise 
d a t a  on t h e  d i s t r i b u t i o n  o f  b o t t o m  s e d im e n t s  ( i n  A rea  B) and p r e v i o u s  
s a m p l i n g  o f  m a c r o b e n t h o s .  T h e s e  s t r a t a  c o n s i s t e d  o f  t h e  f o l l o w i n g  
f e a t u r e s :
A rea  B A rea  E
1 . r  id g e i . r i d g e
2 . s w a l e 2, swa l e
3. d e e p  f l a n k / f l a t 3. d e e p  f l a n k / f l a t
4 . s h a l l o w  f l a n k / f l a t 4. s h a l l o w  f l a n k / f l a t
6 , pi  a t e a u 5. s l o p e
7. muddy f l a t
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6F i g u r e  1. L o c a t i o n  of  s am p le  a r e a s  B a n d  E*
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7F i g u r e  Z, A reas  B { l e f t )  and E ( r i g h t ) ,  shew ing  d e p t h  c o n t o u r s  i n  m e t e r s  
and p r e l i m i n a r y  s t r a t i f i c a t i o n .
• 
. l, 
... 
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aH a b i t a t  D e l i n e a t i o n
I n  a d d i t i o n  t o  t r a w l i n g  l o r  F i s h e s ,  9fl Smith-Mc I n t y r *  g r a b  
(O . lm ^ J  «nd  66 n u l l  b i o l o g y  (M e n x ie a )  t r a w l  i m p U s  were  t a k e n  i n  t h e  
s t u d y  a r e a s  i n  f a L l  1976 a t  r a n d o m ly  s e l e c t e d  s t a t i o n s  t o  d e t e r m i n e  
t h e  d i s t r i b u t i o n  o f  s e d i m e n t *  and b e n t h i c  i n v e r t e b r a t e s  i n  o r d e r  to  
e s t a b l i s h  h a b i t a t  s t r a t a  d e f i n e d  by d e p t h ,  s e d i m e n t ,  and  i n v e r t e b r a t e  
d i s t r i b u t i o n  d a t a .  Based on t h e  r e s u l t s  o f  t h e s e  d a t a  ( s e e  B o e s c h ,
1979 f o r  d e t a i l s ) ,  t h e  f o l l o w i n g  new h a b i t a t  s t r a t a  were  d e f i n e d  f o r  
e a c h  a r e a :
A re a  3 A re a  E
1 . t e r r a c e 1A. r i d g e
2A. r i d g e IB. me g a r i p p l e s
2B. medium sand  f l a n k 2, m e d i u m - f i n e  sand  f l a n k
3A. r a e d i m - f  i n e  s a n d  f l a n k 3A. s h a l l o w  s w a le
3B. e r o d e d  f l a n k 3B. d e e p  s w a le
4 . s h a l l o w  s w a l e it. e r o d e d  s w a le
5. d e e p  a v a l e 5A, u p p e r  s h e l f  b r e a k
5B* m i d - s h e l f  b r e a k
F i s h  s to m a ch  d a t a  f rom t h e  f a l l  c r u i s e  were  a n a l y s e d ,  a c c o r d i n g  
t o  t h e s e  h a b i t a t  s t r a t a  ( F i g ,  3 ) ,  t o  d e t e r m i n e  t h e  p r e f e r e n c e  o f  
f i s h e s  f o r  c e r t a i n  p r e y  i n  r e l a t i o n  t o  p r e y  a b u n d a n c e  and d i s t r i b u t i o n  
among t h e s e  s t r a t a .  Due t o  t h e i r  f a u n a l  s i m i l a r i t y  and s p a t i a l  
p r o x i m i t y ,  s u b s t r a t a  (A and  B w i t h i n  eac h  s u b d i v i d e d  s t r a t u m  a b o v e )
9F i g u r e  3.  A re a s  B ( l e f t )  a n d  E ( r i g h t ) ,  s h o v i n g  r e d e f i n e d  h a b i t a t  s t r a t a .
;oxo: :olOlOKpX'
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were  combined  f o r  t h e  fo o d  h a b i t a  s t u d y ,  r e s u l t i n g  i n  a l a r g e r  t e m p le  
s i z e  f o r  e a c h  e t r e t u n ,
B m p  l i n g
S a m p l in g  f a r  f i s h e s  c o n s i s t e d  o f  1 5 - m i n u t e  taw s  ( a t  a b o u t  3 . 5  
k n o t s )  w i t h  a 1 3 . 7  m (45 f t . )  h e s d r o p e ,  l i n e d ,  s e m i - b a l l o o n  o t t e r  
t r a w l  w i t h  t h e  f o l l o w i n g  s t r e t c h - n e s h  d i m e n s i o n * ;  4 . 4 5  cm i n  t h e  
w i n g s ,  3 .81  cm i n  t h e  b o d y ,  3 . 9 6  cm i n  t h e  cod  e n d ,  and  1 . 2 7  cm in t h e  
cod end l i n e r .  S i x  s t a t i o n s ,  t h r e e  day  a n d  t h r e e  n i g h t ,  w e re  randomly 
s e l e c t e d  i n  e a c h  p r e l i m i n a r y  s t r a t u m  f a r  e a c h  c r u i s e .  S a m p le s  were 
c o l l e c t e d  s e a s o n a l l y  on  f o u r  c r u i s e s .
A l l  f i s h e s  c a p t u r e d  were  i d e n t i f i e d ,  c o u n t e d ,  m e a s u r e d ,  and 
w e i g h e d .  S t a n d a r d  Length  was t a k e n  un a l l  d o m i n a n t  s p e c i e s  w i t h  t h e  
e x c e p t i o n  o f  R a j a  e r i n a c e a  ( d i s c  w i d t h )  and M a c r o z o a r c e s  a m e r i c a n u s  
( t o t a l  l e n g t h ) .  Each f i s h  was d i s s e c t e d  and i t s  s tom a ch  e x c i s e d  i f  
n o t  c o n s p i c u o u s l y  em pty .  On l a r g e  c a t c h e s  o f  some d o m i n a n t  s p e c i e s  
subaampLea  ( a t  l e a s t  30 s t o m a c h s )  were  c o l l e c t e d .  Each s to m a c h  was 
L a b e l e d ,  i n d i v i d u a l l y  wrapped  i n  c h e e s e c l o t h  and  f i x e d  i n  101 s e a w a t e r  
forma 1 i n ,
S am ples  o f  r a a c r o b e n t h o s  and f i s h  s t o m a c h s  t a k e n  d u r i n g  t h e  f a l l  
c r u i s e  were r e —a l l o c a t e d  a c c o r d i n g  t o  t h e  r e d e f i n e d  h a b i t a t  s t r a t a  and  
t h e  d a t a  from a l l  g r a b s  and s to m a c h s  i n  a s i n g l e  B t r a t u n  w e re  com bined  
f o r  t h e  e l e c t i v i t y  a n a l y s i s  ( s e e  Bo e a c h  ( 1 9 7 9 )  f o r  d e t a i l s  o f  g r a b  
a a m p i i n g J ,
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L a b o r a t o r y  A t i i l y i j
A f t e r  p r o p e r  f i x a t i o n ,  s t o m a c h s  w ere  so ak ed  i n  w a t e r  and 
t r a n s f e r r e d  t o  e i t h e r  401  i s o p r o p a n o l  o r  TOt e t h a n o l .  For a n a l y s i s ,  
e a c h  s to m a ch  was c u t  o p e n  and i t s  c o n t e n t s  s o r t e d  by t a x o n  and 
c o u n t e d .  F r a g m e n t s  s u c h  as c r u s t a c e a n  p a r t s ,  p o l y c h a e t e  s e t a e ,  o r  
f i s h  b o n e s  w ere  c o u n t e d  as one a n i m a l ,  u n l e s s  a b u n d a n c e  c o u l d  be  
e s t i m a t e d  by c o u n t i n g  p a i r s  o f  eyeB ( c r u s t a c e a n s >, o t o l i t h s  ( f i s h e s ) ,  
and o t h e r  p a r t s .
Volume d i s p l a c e m e n t  o f  f ood  i t e m s  was m e a s u re d  e i t h e r  by u s i n g  a 
g r a d u a t e d  c y l i n d e r  ( W i n d e l l ,  1 9 7 1 )  o r  a c a l i b r a t e d  v i a l  and b u r e t  
(Me Esc h r  an  £t^ a l .  , 1 9 7 6 ) .  D i s p l a c e m e n t  o f  sma 1 L s p e c i e s  was e s t i m a t e d  
by m e a s u r i n g  th e  v o lu m e  o f  s e v e r a l  s p e c i e s  t o g e t h e r  and u s i n g  a g r i d  
t o  e s t i m a t e  t h e  p e r c e n t  o f  t h i s  t o t a l  volume c o n t r i b u t e d  by e a c h  
s p e c i e s  ( W i n d e l l ,  1971 )*
D a ta  A n a l y s i s
S i n c e  methods  o f  f o o d  h a b i t s  a n a l y s i s  a r e  v a r i o u s l y  b i a s e d  
( H y n e s ,  193(1; P in k a s  e t  a l .  , 1 9 7 1 ;  W i n d e l l ,  1 9 7 1 ) ,  t h e  r e l a t i v e  
c o n t r i b u t i o n  o f  d i f f e r e n t  food  i t e m s  t o  the t o t a l  d i e t  was d e t e r m i n e d  
u s i n g  t h r e e  m e th o d s :  ( 1 )  t h e  n t s ab e r  o f  s tom achs  i n  which  a fo o d  i t e m
o c c u r r e d  was e x p r e s s e d  a s  a p e r c e n t a g e  o f  the  t o t a l  nunber  o f  s t o m a c h s  
□f a s e r i e s  (one p r e d a t o r  s p e c i e s  by s e a s o n ,  l e n g t h  i n t e r v a l ,  e t c * )  
c o n t a i n i n g  food ( p e r c e n t  f r e q u e n c y  o f  o c c u r r e n c e ) ;  ( 2 )  t h e  nixnber o f  
i n d i v i d u a l s  o f  eac h  t y p e  o f  fo o d  was e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  
t o t a l  number o f  food  i t e m s  from a l l  s tomachs  f o r  a a e r i e s  ( p e r c e n t
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numerical abundance); ( 3 )  the volume d isp lacem ent  o f  food items was 
expressed  as a percentage  o f  th e  t o t a l  volume o f  food from a i l  
stomachs examined o f  a a e r i e s  ( p e r c e n t  volume d i s p l a c e m e n t ) .
From t h e s e  t h r e e  m e a s u r e m e n t a  an i n d e x  of  r e l a t i v e  i m p o r t a n c e ,
1RI ( P i  oka* _ a l . , 1 9 7 1 ) ,  was c a l c u l a t e d  f a r  e a c h  p rey  s p e c i e s  end 
h i g h e r  t a x o n  aa  f o l l o w s ;
1RI -  (S + V) F
where;  IR.I * i n d e x  o f  r e l a t i v e  i m p o r t a n c e  
N ■ n u m e r i c a l  p e r c e n t a g e  
V * v o l u m e t r i c  p e r c e n t a g e  
F ■ f r e q u e n c y  o f  o c c u r r e n c e  p e r c e n t a g e
T h i s  i n d e x  has  b e e n  u s e f u l  in  e v a l u a t i n g  t h e  r e l a t i v e  im p o r t a n c e  o f  
d i f f e r e n t  foqd i t em s  found  i n  f i s h  s to m a c h s  ( P i n k a s  e t  i l . t 1 9 7 ] ;  
M cEschran  e_t al^* , 1976; S e d b e r r y  and  M u s i c k ,  1 9 7 8 ) .  The 1R1 was u s e d
i n  th e  p r e s e n t  s t u d y  t o  d e s c r i b e  t h e  food h a b i t s  o f  each  s p e c i e s  and
t o  d e t e r m i n e  s e a s o n a l ,  d i e l *  and p r e d a t o r  s i z e  d i f f e r e n c e s  i n  t h e  
r e l a t i v e  im p o r t a n c e  o f  fo o d  i t e m s .
S e l e c t i v i t y  of  p r e d a t o r s  on  t h e  m a c r o b e n t h o s  was d e t e r m i n e d  u s i n g  
I v l e v ' s  (1961)  i n d e x  of  e l e c t i v i t y ,  c a l c u l a t e d  as  f o l l o w s ;
E -  r.L ~ P i 
r i + Pi
where;  5 “ e l e c t i v i t y
r j  “ p e r c e n t  o f  s p e c i e s  i in  t h e  d i e t
P i  ■ p e r c e n t  o f  s p e c i e s  i i n  t h e  b e n t h o s
E l e c t l v i t y  v a l u e s  r a n g e  f t ™  - 1  ( t o t a l  a v o i d a n c e  o f  a p r e y  s p e c i e s )  
t o  +1  ( t o t a l  s e l e c t  lo t i  f o r  a  p r e y  s p e c i e s )  ; a  v a l u e  n e a r  0 i m p l i e s  
no  a c t i v e  a s L e c t i o n .  F o r  t h e  p u r p o s e s  o f  t h i s  s t u d y  t h e  a b s e n c e  o f  
a  f ood  I t e m  f ro m  s t o m a c h s  and f ro m  b e n t h i c  s a m p l e s  f o r  a  p a r t i c u l a r  
s t r a t u m  was c o n s i d e r e d  a s  z e r o  e l e c t i v l t y .  I v l e v ' s  ( 1 9 6 1 )  I n d e x  
h a s  b e e n  s u b j e c t  t o  s e v e r a l  c r i t i c i s m s  ( O ' B r i e n  a n d  V i n y a r d ,  1974;  
Gannon,  1976;  C h e s s o n ,  1 9 7 8 ) ,  T h es e  c r i t i c  lama w e re  a v o i d e d  b y :
(1)  l i m i t i n g  c o m p a r i s o n s  o f  p r e y  s p e c i e s  i n  f i s h  s t o m a c h s  t o  h e n t h l c  
s a m p l e s  among s t a t i o n s  w i t h i n  t h e  same s t r a t u m  t o  r e d u c e  b i a s  d u e  to  
p r e y  p a t c h i n e s s ;  (2 )  l i m i t i n g  fo o d  a n a l y s i s  t o  t h e  s to m a c h  c o n t e n t s  o n l y  
a n d  c a r e f u l l y  I d e n t i f y i n g  and c o u n t i n g  f r a g m e n t s ,  t h e r e b y  m i n i m i z i n g  
b i a s  due  t o  d i f f e r e n t i a l  d i g e s t i o n ;  and  (3 )  p r e s e n t i n g  e l e c t i v i t y  v a l u e s  
w i t h  p e r c e n t  c o m p o s i t i o n  o f  p r e y  I t e m s  i n  t h e  b e n t h o s  a n d  i n  s t o m a c h s ,  
t h e r e b y  m a k ing  r e s u l t s  more b i o l o g i c a l l y  m e a n i n g f u l .
O v e r l a p  i n  d i e t  among d o m in a n t  p r e d a t o r s  was m e a s u r e d  u s i n g  
n u m e r i c a l  c l a s s i f i c a t i o n  t e c h n i q u e s  ( c l u s t e r  a n a l y s i s ) .  S to m a c h s  o f  
p r e d a t o r s  were  t r e a t e d  a s  c o l l e c t i o n s  a n d  w e re  s u b j e c t e d  t o  n o rm a l  
c l u s t e r  a n a l y s i s  on  t h e  b a s i s  o f  p r e y  s i m i l a r i t y ,  u s i n g  p e r c e n t  
s t a n d a r d i z e d  n u m e r i c a l  a b u n d a n c e  ( C l i f f o r d  a n d  S t e p h e n s o n ,  1 9 7 5 ) ,  
b e c a u s e  sam p le  s i z e s  w e re  u n e q u a l .  F l e x i b l e  s o r t i n g  ( L a n c e  and 
W i l l i a m s ,  1967;  C l i f f o r d  and  S t e p h e n s o n ,  1 9 7 5 ) ,  w i t h  0 -  - 0 . 2 5 ,  was 
u s e d ,  b a s e d  on  r e s e m b l a n c e  e x p r e s s e d  by  t h e  B r a y - C u r t  i s  m e a s u r e  (Bray  
and  C u r t i s ,  1 9 5 7 ) ,  T h i s  i s  a  m e a s u r e  o f  d i s s i m i l a r i t y  and  t h e  
com plem en t  I s  u s e d  t o  y i e l d  a  s i m i l a r i t y  m e a s u r e  ( C l i f f o r d  a n d
14
Stephenson,  1975) ,  The d ray-C u rt ia  s i n i  l a r i t y  measure can be 
e x p r e s s e d  a s :
' j * I
X -  X 
11 H
[ <xj i  + V
where  3 j ^  i s  t h e  s i m i l a r i t y  b e tw e e n  t h e  e n t i t i e s  ( p r e d a t o r  s p e c i e s )  j  
and k ,  X j i  i s  t h e  a b u n d a n c e  o f  t h e  a t t r i b u t e  ( p r e y  s p e c i e s )  f o r
e n t i t y  j ;  and  X^i *9 Che a b u n d a n c e  o f  t h e  i [ h a t t r i b u t e  f o r  e n t i t y  k .  
In normal a n a l y s i s  p r e d a t o r  s p e c i e s  a r e  t h e  e n t i t i e s  and  p rey  s p e c i e s  
a r e  t h e  A t t r i b u t e s  by w h i c h  p r e d a t o r s  a r e  c l a s s i f i e d .
RESULTS
S p e c i e s  c o m p o s i t i o n  and r e l a t i v e  a b u n d a n c e  o f  f i a h e e  on Che o u t e r  
c o n t i n e n t a l  s h e l f  v a r i e s  s e a s o n a l l y *  The i c h t h y o f a u n a  o f  t h e  o u t e r  
s h e l f  c o n s i s t s  o f  t h r e e  co m p o n e n t s :  r e s i d e n t s ,  s e a s o n a l  m i g r a n t s  w i t h
b o r e a l  a f f i n i t i e s  and  s e a s o n a l  m i g r a n t s  w i t h  warm t e m p e r a t e  
a f f i n i t i e s .  R e s i d e n t  s p e c i e s  i n  t h e  p r e s e n t  s t u d y  i n c l u d e d  R a j a  
e r i n a c e a , Lophiua  a m e r i c a n u s , C i t h a r i c h t h y s  a r c t  i f r o n s  a n d  
K i p p o g l o s s i n a  a b l o n g a . Dominant  s e a s o n a l  s p e c i e s  w i th  b o r e a l  
a f f i n i t i e s  i n c l u d e d  U ro p h y c ia  c h u a a , M e t l u c c i u s  b i l i n e a r i s , and 
H a c r o a o a r c e s  a o e r i c a n u a . Dominant  s e a s o n a l  s p e c i e s  w i th  warm 
t e m p e r a t e  a f f i n i t i e s  were  Urophyc  i s  r a g i o s  a n d  S te n o t o m u s  c h r y a n p s . 
T h i s  o v e r s i m p l i f i e d  p a t t e r n  may n o t  r e f l e c t  t h e  t r u e  p a t t e r n s  o f  
m i g r a t i o n  on th e  o u t e r  s h e l f .  A l th o u g h  some s p e c i e s ,  s u c h  as  U, chuaa  
and M. b i l i n e a r i s  were  n u m e r i c a l l y  dom in an t  a t  a l l  t i m e s  o f  t h e  y e a r ,  
d i f f e r e n t  s i t e  c l a s s e s  were p r e s e n t  s e a s o n a l l y ,  r e f l e c t i n g  s e a s o n a l  
i n s h o r e - o f f s h o r e  and  N o r t h - S o u t h  m i g r a t i o n  i n  a d u l t s  and p e r i o d i c  
r e c r u i t m e n t  of  j u v e n i l e B ,
C o n s p ic u o u s  d i f f e r e n c e s  i n  day  and n i g h t  c a t c h e s  w e re  o b s e r v e d .  
A p p a r e n t l y ,  d e m e r s a l  f i s h e s  o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f  c o u l d  
v i s u a l l y  avo id  t h e  t r a w l  d u r i n g  t h e  d a y .  F i s h e s  were more  s u s c e p t i b l e  
t o  th e  t r a w l  a t  n i g h t ;  t h u s ,  more  were c a p t u r e d  a t  t h i s  t i m e .
Over  13 ,300  i n d i v i d u a l  f i s h  were  d i s s e c t e d  i n  t h e  f i e l d  f o r  
s tom ach  a n a l y s i s .  A t o t a l  o f  608 7 s to m a c h s  r e p r e s e n t i n g  t h e  n i n e  
dom inan t  s p e c i e s  was examined  i n  th e  l a b o r a t o r y .  I n i t i a l l y ,  o n ly
15
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s e v e n  s p e c i e s ,  R, a r i n a c a g , 1,, a m a r i c a i m s . t h w n < M, b i l i n e a r i a , j i .  
c h ry so p a , t l .  a r c t i f r o n a  f and H. o b l o n g a  w e re  to  be e x a m i n e d .  1J. 
t e g j u s  a n d  t l . o u t e r i c a n u *  w e re  added  to  t h i s  H a t  b e c a u s e  t h e y  were  
dom inan t  s p e c i e s  in  th e  c a t c h e s  in s i n n e r  197? ( T a b l e  1) .
The b e n t h i c  m a c r o f a u n a  o f  t h e  o u t e r  a h e l f  was fo u n d  t o  b e  q u i t e
d i v e r s e  [ s e e  B oescb  £ £  jjl.- ( 1 9 7H> and B o e s c h  ( 1 9 7 9 )  f o r  f u r t h e r  
d i s c u s s i o n ] .  Dom inan t  s p e c i e s  a r e  l i s t e d  by s t  r a t l i n  i n  T a b l e  2,  w h ich  
i n c l u d e s  a l l  s p e c i e s  t h a t  were  r a n k e d  i n  t h e  t e n  m oa t  a b u n d a n t  s p e c i e s  
f a r  any s t r a t u s *
I n  t h i s  s e c t i o n ,  a a p e c i e a - b y - s p e c i e a  d e s c r i p t i o n  and d i s c u s s i o n  
o f  t h e  f o o d  h a b i t s  o f  d o m in a n t  f i s h e s  w i l l  b e  p r e s e n t e d .  G e n e r a l  
d i s c u s s i o n  and  c o n c l u s i o n s  w i l l  be p r e s e n t e d  i n  t h e  d i s c u s s i o n  
s e c t i o n .
R a j a  e r i n a c e a
The l i t t l e  s k a t e  was a b u n d a n t  in  t h e  s t u d y  a r e a  a t  a l l  t i m e s  o f
t h e  y e a r  ( T a b l e  I ) .  I t  f e d  m a i n l y  on a m p h i p o d s ,  d e c a p o d s ,  c u n u c e a n s ,
and  p o l y c h a e t e a  ( F i g .  4 ) .  P e l e c y p o d s ,  f i s h e s ,  and i s o p o d s  w e re  a l s o  
consumed.  The r e l a t i v e  i m p o r t a n c e  o f  t h e s e  m a jo r  t a x a  o f  food  
r e m a in e d  f a i r l y  c o n s t a n t  s e a s o n a l l y ,  a l t h o u g h  j u v e n i l e  f i s h e s  were  
somewhat more i m p o r t a n t  and c u n s c e a n a  l e a s  i m p o r t a n t  i n  f a l l  s a m p l e s .  
J u v e n i l e  f i s h e s  w e re  a l s o  i m p o r t a n t  i n  t h e  d i e t  o f  K.. e r i n a c e a  i n  t h e  
summer.
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F i g u r e  4.  P e r t e n t  f r e q u e n c y  o c c u r r e n c e *  p e r c e n t  number ,  p e r c e n t  vo lum e  
d i s p l a c e m e n t  and  i n d e x  of  r e l a t i v e  i m p o r t a n c e  ( IR 1 )  of  h i g h e r  
t a x o n o m ic  g r o u p s  o f  food in  t h e  d i e t  o f  Ha.lji e r i n a c e a . by 
s e a s o n a l  c r u i s e .
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A lth o u g h  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  m a j o r  t a x a  w as  n e a r l y  
c o n s t a n t  s e a s o n a l l y ,  t h e  s p e c i e s  c o m p o s i t i o n  o f  t h e a e  t a x a  i n  t h e  d i e t  
c h a n g e d  s e a s o n a l l y  ( T a b l e  3 ) ,  Among t h e  Amphipoda ,  t u b e  d w e l l i n g  
a m p e l i a c i d a  , e s p e c t a l l y  B y b l i a  a e r r a t a  and A m p e l i s c a  v a d o ru m , were t h e  
m oa t  i n p o r t a n t  s p e c i e s  i n  t h e  f a l l ,  f o l l o w e d  by U n c i a l a  i r r a r a t a , 
T r i c h o p h o x u s  e p i a t o m u a , and E r i c h t h o n i u s  r u b r i c o r n i a . I n  w i n t e r  and 
s p r i n g ,  JJ. i r r o r a t a  was  th e  v a s t  i m p o r t a n t  am ph ipod ,  f o l l o w e d  by IE, 
r u b r i c o r n i a  and Jl. s e r r a t e . A , v ad o ru m  was a l e a s  i m p o r t a n t  
f o o d  i t em  a t  t h i s  t i m e  h u t  L e p t o c h e i r u a  p i n g u i e  was  i m p o r t a n t .  JT. 
e p i a t o m u a  was not  an i m p o r t a n t  fo o d  i t e m  i n  o t h e r  s e a s o n s .  I n  t h e  
Bianuer,  t h e  r e l a t i v e  im p o r t a n c e  o f  d i f f e r e n t  am ph iped  s p e c i e s  
e x h i b i t e d  a p a t t e r n  i n t e r m e d i a t e  b e t w e e n  f a l l  and w i n t e r - a p r i n g  
s a m p l e s .  In sumner,  _B, H e r r a t a , E . r u b r i c o r n i a . and  JJ. i r r o r a t a  were  
consumed i n  a lmost  e q u a l  n u m b e r s , a n d  were  t h e  mos t  i m p o r t a n t  amphipod 
p r e y  i t e m a .  A, vadorum a g a i n  became i m p o r t a n t  food  and M onocu lodes  
e d w a r d s i , p r e v i o u s l y  r a r e  in  t h e  d i e t ,  became i m p o r t a n t .
C an ce r  i r r o r a t u s  was  th e  n o a t  i m p o r t a n t  d e c a p o d  a t  a l l  t i m e s  o f  
t h e  y e a r .  Crsngon s e p t e m a p i n o s a  was i m p o r t a n t  i n  th e  d i e t  o f  s k a t e s  
i n  f a l l  and summer.
Cumae cane were mos t  i m p o r t a n t  i n  w i n t e r ,  s p r i n g ,  and  sunnier  and 
c o n s t a t e d  n a i n l y  o f  n e a r l y  e q u a l  T i m b e r s  of  D i a a t y l i s  s c u l p t  a and D. 
b i s p i n o s a .
27
Mo a t  p o l y c h a s t e  s p e c i e *  o e r e  p r e s e n t  i n  a p p r o x i m a t e l y  e q u a l  
n t v b e n , w i t h  t h e  d o m i n a n t  s p e c i e s  v a r y i n g  s e a s o n a l l y .  S t h e n e l a i s  
l i m i c o l a  and C ly w a n u ra  s p .  A w e r e  g e n e r a l  ly  i m p o r t a n t  a t  a l l  s e a s o n s .
E n s i s  d i r e c t u s , t h e  o n l y  i d e n t i f i a b l e  p e l e c y p o d  consum ed ,  was 
m oa t  i m p o r t a n t  as  a f o o d  i t em  i n  w i n t e r  and  s p r i n g .  The a b i l i t y  o f  
t h i s  f a s t ’-muving c l w  t o  a v o id  p r e d a t o r s  may d i m i n i s h  w i t h  c o l d e r  
t e m p e r a t u r e s j  a c c o u n t i n g  f o r  i t s  s e a s o n a l  i m p o r t a n c e  i n  t h e  d i e t  o f  Rf 
e r i n a c e a  a t  t h i s  t i m e .
F i a h e s  were  i m p o r t a n t  i n  t h e  d i e t  o f  th e  l i t t l e  s k a t e  i n  simnoer 
and  somewhat l e s s  bo i n  f a l l .  J u v e n i l e  h a k e s ,  M, b i l i n e a r i s  and IK 
c h u a a , were  mos t  a b u n d a n t  i n  t h e  s t u d y  a r e a  i n  s i n n e r ,  d i m i n i s h i n g  
somewhat i n  f a l l ,  and b e i n g  v i r t u a l l y  a b s e n t  i n  w i n t e r  and H p r i n g ;  
t h i s  s e a s o n a l i t y  i s  r e f l e c t e d  i n  t h e  f o o d  o f  JK e r i n a c e a .
I s o p o d s ,  m a in ly  C i r o l a n a  p o l i t a . w e re  e a t e n  i n  s m a l l  am oun ts  a t  
a l l  t i m e s  o f  t h e  y e a r ,  b u t  l e a s  so  i n  summer,
The food h a b i t B  o f  R a j a  e r i n a c e a  v a r i e d  g r e a t l y  w i t h  s i x e  ( F i g .
5 ) .  S m a l l e r  s k a t e s  f e d  more  on  am p h ip o d s  and c u m s c e a n s  and l a r g e r  
s k a t e s  fed  more on d e c a p o d s  and p o l y c h a e t e s .  The s m a l l e s t  s k a t e s  
( 1 - 1 0 0  mm d i s c  w i d t h )  f e d  on n u m e ro u s  s m a l l  food  i t e m s  ( F i g .  6 ) ,  and  
f e d  on t h e s e  in i n c r e a s i n g  num b e rs  up  t o  200 n .  At a b o u t  200  o n ,  R_, 
e r i n a c e a  showed th e  moa t  p r o n o u n c e d  c h a n g e  i n  f o o d  h a b i t s  and f e e d i n g  
s t r a t e g i e s ,  s w i t c h i n g  t o  f e w e r .  L a r g e r  food  i t e m s .
za
F i g u r e  5 .  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  vo lume 
d i s p l a c e m e n t ,  and  I n d e x  o f  r e l a t i v e  I m p o r t a n c e  o f  h i g h e r  
t a x o n o m ic  g r o u p s  o f  fo o d  i n  t h e  d i e t  o f  R a j a  e r i n a c e a , by 
s i ^ e  i n t e r v a l s .
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F i g u r e  6 The r e l a t i o n s h i p  b e t w e e n  s i i e  o f  R a j a  e r l n a n e a  a n d  vo lum e  o f  
food  consumed ( b r o k e n  l i n e ) ,  mean p r e y  vo lum e  ( s o l i d  l i n e ) ,  
e n d  p r e y  number p e r  s to m a c h  ( d a s h e d  l i n e ) .
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L i t t l e  v a r i a t i o n  i n  t h e  p e r c e n t a g e  o f  em pty  s t o u c h i  t h r o u g h o u t  
t h e  day  waa e v i d e n t  i n  j l .  e r i n a c e a  ( F i g .  7 ) .  Raj i d  s k a t e *  a r e  not  
v i s u a l  f e e d e r * ,  b u t  u*e e l e c t r o r e c e p t i o n  f o r  f o o d  d e t e c t i o n  ( K a l m i j n ,  
1971;  R a i c h i ,  1 9 >  . S ince  l i g h t  i n t e n s i t y  may b e  t h e  s i n g l e  most  
v a r i a b l e  and  p o t e n t i a l l y  most  b i o l o g i c a l l y  a c t i v e  f a c t o r  on t h e  o u t e r  
s h e l f  o v e r  24 h o u r s ,  i t  would seem t h a t  s k a t e s  w o u ld  be u n a f f e c t e d  by 
l i g h t  i n t e n s i t y  and wou ld  Feed c o n t i n u o u s l y .  M c E a c h ra n  ^  _al^ ( 1 9 7 b )  
a l s o  found no p e r i o d i c i t y  in  t h e  f e e d i n g  o f  R, e r i n q c e * .
R e s u l t s  o f  t h e  e l e c t i v i t y  a n a l y s i s  f o r  t h e  m o s t  a b u n d a n t  p rey  
s p e c i e s  i n  t h e  d i e t  o f  R, e r i n a c e a  a r e  shown i n  F i g .  9.  I n  t h e  low er  
g r a p h s ,  r e l a t i v e  a b u n d a n c e  o f  i m p o r t a n t  p r e y  s p e c i e s ,  e x p r e s s e d  a s  a 
p e r c e n t  o f  t h e  t o t a l  n u n b e r  o f  i n d i v i d u a l *  o f  a l l  s p e c i e s ,  i s  p l o t t e d  
fo r  b o t h  s tom ach  c o n t e n t s  ( d a s h e d  L ine)  and  n a c r o b e n t h o s  ( g r a b )  
s a m p l e s  ( s o l i d  l i n e )  f o r  each  s t r a t u m  ( s e e  M ethods  a n d  M a t e r i a l s ) .  
S t r a t a  in  w h ich  few o r  no f i s h  w i t h  f u l l  s t o m a c h s  w e r e  c a p t u r e d  have  
been  o m i t t e d .  In t h e  u p p e r  g r a p h ,  I v l e v ’ s ( 1 9 6 1 )  e l e c t i v i t y  i n d e x  f o r  
e a c h  p rey  s p e c i e *  i s  p l o t t e d  a g a i n s t  t h e  c o r r e s p o n d i n g  s t r a t a  i n  t h e  
lower  g r a p h .  Thus ,  e a c h  c o r r e s p o n d i n g  p a i r  o f  g r a p h s  i n d i c a t e s  t h e  
r e l a t i v e  n u n e r i c a l  a b u n d a n c e  o f  s e l e c t e d  p r e y  s p e c i e s  i n  s t o m a c h s  and 
in  t h e  b e n t h o s  f o r  e a c h  a t r a t i m ,  and t h e  c o r r e s p o n d i n g  e l e c t i v i t y  o f  
t h e  p r e d a t o r  f o r  t h e s e  p rey  a p e c i e a  i n  e a c h  s t r a t u m .  A l th o u g h  
r e l a t i v e  ab u n d an c e  o f  p rey  s p e c i e s  f l u c t u a t e d  g r e a t l y  b o t h  i n  f i s h  
s to m a c h s  and  i n  g r a b  s a m p l e s  among s t r a t a ,  some p a t t e r n s  o f  p r e y  
abundance  and  s e l e c t i v i t y  can be  s e e n  ( F i g .  B) .
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F i g u r e  7, F e e d i n g  c h r o n o l o g y  i n  R a ja  e r l n a c e a .
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F i g u r e  S R e l a t i v e  a b u n d a n c e  i n  f t a l a  e t i n a c e a  s t o m a c h s  ( d a s h e d  l i n e )  
and g rab  s a m p l e s  ( s o l i d  l i n e ) ,  and e l e c t i v i t y  o f  i m p o r t a n t  
p rey  s p e c i e s *  w i t h i n  h a b i t a t  s t r a t a .
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Important s p e c i e s  o f  mnphipods ouch as  s e r r a t e , U^. i r r o r a t a ,
A, v i d o n n ,  a n d  T . e p i s t o a u s  ware  g e n e r a l l y  more  a b u n d a n t  a t  s h a l l o w e r  
h a b i t a t  s t r a t a ,  d e c r e a s i n g  i n  r e l a t i v e  a b u n d a n c e  i n  d e e p e r  h a b i t a t *  in  
b o t h  o t u d y  a r e a s .  Two p a t t e r n s  o f  e l e c t i v i t y  were found  f o r  t h e s e  
a m p h ip o d s .  The  f i r s t ,  e x h i b i t e d  f o r  JJ. s e r r a t e  and  v a d o r u a , 
c o n s i s t e d  o f  g r e a t  f l u c t u a t i o n s  i n  t h e i r  r e l a t i v e  a b u n d a n c e  i n  t h e  
d i e t ,  b u t  g e n e r a l l y  w i t h  a  s t r o n g  p o s i t i v e  s e l e c t i o n  f o r  t h e s e  food 
i t e m s .  The s e c o n d ,  e x h i b i t e d  by ^j. i r r o c a t a  a n d  T. e p i s t o m u s , 
c o n s i s t e d  o f  v a r i a t i o n s  i n  t h e  i m p o r t a n c e  o f  t h e  am phipods  i n  t h e  d i e t  
anong s t r a t a ,  b u t  w i th  c o r r e s p o n d i n g  f l u c t u a t i o n s  i n  t h e  e l e c t i v i t y  
v a l u e  f rom p o s i t i v e  t o  n e g a t i v e .
O t h e r  am p h i  pod p r e y ,  E.. r u b r  i c o rn  i s  and A. a g a s s  i a  i ( s e e  T a b le  
2 ) ,  were  g e n e r a l l y  more a b u n d a n t  i n  d e e p e r  s t r a t a .  E l e c t i v i t y  v a l u e s  
f o r  t h e s e  s p e c i e s  f l u c t u a t e d  g r e a t l y  anong t h e  s t r a t a ,  r a n g i n g  from 
s t r o n g  p r e f e r e n c e  t o  s t r o n g  a v o i d a n c e  o f  t h e s e  p r e y  s p e c i e s .  A. 
a g a s i i r i  was  p a r t i c u l a r l y  low i n  a b u n d an c e  i n  t h e  d i e t  ( T a b l e  31 i n  
s p i t e  o f  h i g h  r e l a t i v e  a b u n d a n c e  i n  t h e  b e n t h o s  o f  some s t r a t a .  The 
o t h e r  l e s s  a b u n d a n t  ampe L i a c  id s  , K* vadorum a n d  11. s e r r a t e , were  
a p p a r e n t l y  p r e f e r r e d  o v e r  A. a g a s s i a i  by tt. e r i n a c e a .
D e c a p o d s ,  as  e x e m p l i f i e d  by C^ . i r r o r a t u g ^ e x h i b j t e d  low abundance  
i n  g r a b  s a m p l e s  but  a h i g h  r e l a t i v e  ab u n d an c e  i n  s k a t e  s to m a c h s  and a 
c o r r e s p o n d i n g l y  s t r o n g  p o s i t i v e  s e l e c t i o n .  T h es e  e p i f a u n a l  decapods  
H e r e  Very  a b u n d a n t  in t h e  s t u d y  a r e a s ,  as  was a p p a r e n t  i n  t r a w l  and 
m e g a b e n t h o s  s a m p l e s ,  b u t  b e c a u s e  of  t h e i r  r e l a t  i v e l y  l a r g e  s i z e  they 
o c c u r r e d  i n  l o w e r  d e n s i t i e s  t h a n  th e  s m a l l e r  p e r S c a r i d e a n s . O th e r
34
i m p o r t a n t  p r e y  s p e c i e s  su ch  a*  J) .  b i i £ i n o s e ,  C^. p o l  i t a . a n d  J£. 
d i r e c t u *  were g e n e r a l l y  found i n  low n u m b e r i  in  b o t h  t h e  b e n t h o s  a n d  
i n  a k a t e  s tomachs .  T h i s  c a u s e d  g r e a t  v a r i a t i o n  i n  e l e c t i v i t y  v a l u e s ,  
s i n c e  a d i f f e r e n c e  o f  o n l y  one o r  two i n d i v i d u a l s  i n  t h e  a b u n d a n c e  o f  
t h e s e  a n i m a l s  in t h e  s t o n a c h  o r  i n  g r a b  s a m p l e s  c a n  c a u s e  a l a r g e
d i f f e r e n c e  i n  the e l e c t i v i t y  v a l u e ,
L o p h i u s  a n e r  jcanus
The g o o s e f i s h ,  t h o u g h  n o t  a s  a b u n d a n t  a s  many o t h e r  f i s h e s  o n  t h e  
o u t e r  s h e l f ,  was c o n a o n  and c o m p r i s e d  a c o n s i d e r a b l e  p o r t i o n  o f  t h e  
b i o m a s s  o f  f i s h e s  in  t h e  s t u d y  a r e a  b e c a u s e  o f  i t s  l a r g e  s i z e  ( T a b l e  
l ) -  j , ,  am er ican e s  f e d  m a i n l y  on f i s h e s  a n d  t o  a l e s s e r  e x t e n t  on
b e n t h i c  i n v e r t e b r a t e s  d u r i n g  a l l  s e a s o n s  ( F i g ,  9 ) ,  JJ. c h u s e  was  t h e  
m o s t  i m p o r t a n t  prey  s p e c i e s  t h r o u g h o u t  t h e  y e a r  { T a b l e  A) , S_.
e h r y s o p s  was an i m p o r t a n t  p r e y  d u r i n g  t h e  f a l l ,  w hen  i t  was  a b u n d a n t  
i n  t h e  s t u d y  a r e s ,  H. b i l i n e a r i a , L e p o p h i d i u n  c e r v i n m , a n d  C> 
a r c t i f r o g s  were  a l s o  i m p o r t a n t  p r e y  s p e c i e s .  D e c a p o d s  and  c e p h a l o p o d a  
w e r e  l e s s  im por tan t  a s  food  and  p o l y c h a e t e a ,  a m p h ip o d s ,  a s t e r o i d s ,  and  
c h a e t o g n a t t i H  were o n l y  o c c a s i o n a l l y  f o u n d  in  s t o m a c h s .  F i s h e s  w e r e  
t h e  m os t  im por tan t  f o o d  f o r  a l l  s i z e s  o f  I*, a m e r i c a n u e  ( F i g .  10 ) ,
h o w e v e r  L a rg e r  f i s h  w e r e  e a t e n  by l a r g e r  1-. a m e r i c a n u s  ( F i g .  1 1 ) .
T h e r e  was no a p p a re n t  f e e d i n g  p e r i o d i c i t y  i n  t,. a m e r i c a t i u a  ( F i g .  1 2 ) ,  
h o w e v e r  t h i s  may be an  a r t i f a c t  o f  s m a l l  s r n .p le s i z e s .  B e c a u s e  L. 
a m e r i c a n u s  i s  p i i c i v o r o u H  and  h a e  l i t t l e  d i r e c t  i m p a c t  on b e n t h i c  
i n v e r t e b r a t e s ,  e l e c t i v i t y  a n a l y s i s  was n o t  p e r f o r m e d .
35
F i g u r e  9,  P e r c e n t  f r e q u e n c y  o c c u r r e n c e *  p e r c e n t  n u m b e r ,  p e r c e n t  volume
d i s p l a c e m e n t ,  and I n d e x  o f  r e l a t i v e  i m p o r t a n c e  ( TRl )  o f  h i g h e r  
t a x o n o m ic  g r o u p s  o f  f o o d  i n  t h e  d i e t  o f  L o p h iu s  a a e r l c a n u s , by 
s e a s o n a l  c r u i s e .
tup/iklM AtoflnttOfe*
tO-
40-
zo
s%
WINTER ifTT
1%
6 %
n i c i i  
OECAPOtJA 
cWttonMA 
AMPUPOOA PQLTCHAf Ti
UTIMDEi
I H> 
l«7f H t
00
0
3P*ttU4*T7
(07T )
1001 . 'IUU- 4 I T U *
* o - -----------S----------- H 41C 0
S  60- 0  0  E 34
9 f  12|  40-
a£ 2 0 -
0 -
_______________
20- 6%
w
1  B0~
s *  « 0
0 0 -
* 4 %
%mEQLEHCY
*ilMU|ll 1*77
% FREQUENCY
a
” i
% ' Sa u
■v O
I :
! i
M ■**
I -
!*■ * -  V
.  3
*i  i 2  
"  a  ^
*  3
l!ft
" i  
1 3
! 4  -  *
4 "
I Mr
a
4
a r t*  Pi
!  a r , s s 3 ^  -
■
; s r s 3 3 . S 3 3 3 3 3
^ « i i
a «+ m- 4 pi i# H n
PH fH 
■# ^ 3 S 3 5  3 n
■rt —J ^  ^ 4  a ' * £ rl^f 4 *4
a d d s S3 a s a d  s j
" " " 3 1 ri np4 " a KN fl 4
j i
S 3
s  i _ *
V ' ' -T
i l l  i l l !
i* v
a
- t
i  fn _kw «
A
P-
i  -a
i *•j
a  a
p
3 d  9 3
p p + ■ p
3 3 3 3h I 3 | I
a a a  a
i  1 jl * " 4
S SI ' I I I
3
£
« S
1
I k I i
i ■ I
31
Jl i
i l l* S a% U ■<■
I V
ill |=ja d  * Ia a -31 -a a
9 s s s a s  3 s * c ;p m 4 4 5 n p i 4 *
m  a
3 X 5 3 3 3  3 2 * 9r i l  * i  .  ■ * .  .  i i .  . . j
a a -  "  ’r a ~ «
m fp hi"| pi pN 1 ■ ■ + M
£ 3 34 h ■a  n r i
h5  -p4 ^  4i | . - i ■
a - - *
a « d 3 3 3■ 1 f * ■ 4 PR 3 ~  ^3  *
s d d *I I +1 4  ■n ft P'P n
s s i .fa
S 3  1N flfl4 4 n 4
9 3 5  ■ ■ ■ 1
a  a
S 3  
iS "
3 3 3  3■ ■ ■PI ■' 5  £
3 3 3k ■ • 1
a * s
3 3>■ i 1■n yft
3 3 3  3r p . 1 4in u"i j*i ig
s a c  .
in -* nN -4
3 34 ■ 1 -M <4 a s a  a■ ■ ■ i ■ ■^ -a 4  n
3 *  X 
S ■1
Pta P'V &
*  h  - ra
i n
r - .
'  3 ' i
3 3 3  i 3
f in  a
■N ' £
<a  - n  «  
4 f t  i j 3
f i
PH
B
4
i i  i i d ■ i i
h i  i l l  i i i i i i
•n- 4
n
Fa
f t
I H
—i <41
l I h B i tm i t--l
3
* 4 41 r * f t  r t
i l l
' ' ? '  4 F ^
3 3 3 ■3«
■ j  i i 
4 ' 3 P 4  n* ^ s
S
P-.
* 4 f-+ AS
4 ,
1 P -  1 Pm. f t
r f t 1 "* d
• n» rt
i * i  - i i
X £■ - i  > I '
H ^  
A
3
S
e-4
j
£
I
3 i  
i  
Jil*
it!
oiJB
!!;
1
1 I
i
3-2-h m
I I
Mu
11
33
1u“ aa lm J
U  j 9
Had■a a
_ c  *ri u
: i
37
F i g u r e  10 .  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  number ,  p e r c e n t  v o lu m e  
d i s p l a c e m e n t ,  and index  o f  r e l a t i v e  i m p o r t a n c e  o f  h i g h e r  
t a x o n o m i c  gr ou p  o f  food  i n  t h e  d i e t  o f  Lophlufl  f l m e r l c a n u a , by 
s i z e  I n t e r v a l s ,
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F i g u r e  11, The r e l a t i o n s h l p  b e t w e e n  a i z e  o f  L o p h l u a  a m e r i c a m iB  and  
volume o f  fo o d  consumed ( b r o k e n  l i n e )  , mean p r e y  vo lum e  
( s o l i d  l i n e ) ,  and p r e y  number p e r  s to m a c h  (dta&hed l i t i e ) .
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F i g u r e  12. F e e d i n g  c h r o n o l o g y  In  l o p h i u a  a r o e r i c a n u a .
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U r o p h y c i s  c h u s a
Red h a k e  were  a b u n d a n t  i n  t h e  s t u d /  i r e i  on a l l  f o u r  c r u i s e s ,  
h o w ev e r ,  s i z e  e l m s  c o m p o s i t i o n  o f  t h e  p o p u l a t i o n  v a r i e d  y e a r - r o u n d .  
J u v e n i l e s  p r e d o m i n a t e d  i n  f a l l  (x l e n g t h  “  49  mm) and  s w i n e  r  (x  l e n g t h  
■ 147 dd) , and were v i r t u a L l y  a b s e n t  i n  w i n t e r  and s p r i n g ,  when l a r g e r  
f i s h  moved i n t o  th e  a r e a  ( i  l e n g t h s  ■ 251 and  238 mm r e s p e c t i v e l y ) .
T h i s  w* h r e f l e c t e d  i n  t h e  much s m a l l e r  c o n t r i b u t i o n  o f  t h i s  s p e c i e s  t o  
t h e  b io m a s s  o f  f i s h e s  d u r i n g  t h e  f a l l  and sunnier ( T a b l e  1 ) .
U, c h u s a  f e d  p r i m a r i l y  on am phipoda ,  w h ich  were i m p o r t a n t  a s  food  
a t  a l l  t i m e s  o f  t h e  y e a r ,  e s p e c i a l l y  i n  f a l l .  D u r in g  t h i s  s e a s o n  t h e y  
made up moat  o f  t h e  d i e t  ( F i g .  1 3 ) .  D ecapods  and p o l y c h a e t e a  were 
a l s o  i m p o r t a n t  and ,  w i t h  t h e  e x c e p t i o n  o f  f a l l  s a m p l e s ,  r e m a i n e d  
r e l a t i v e l y  c o n s t a n t  i n  t h e i r  im p o r t a n c e  i n  t h e  d i e t .  Cope pods  w e re  
i m p o r t a n t  i n  t h e  f a l l  and w i n t e r ,  and p e l e c y p u d s  and i s o p o d s  w e re  o f  
minor  i m p o r t a n c e  i n  t h e  w i n t e r ,  s p r i n g ,  and summer and u n i m p o r t a n t  in  
t h e  f a l l  d i e t  o f  U. c h u s s . F i s h e s  were  o f  minor  i m p o r t a n c e  i n  t h e  
d i e t ,  e s p e c i a l l y  in  w i n t e r *  t h a e t o g n a t h s , a b s e n t  f rom t h e  d i e t  i n  
f a l l  and w i n t e r ,  became q u i t e  i m p o r t a n t  a s  food d u r i n g  t h e  s p r i n g  and 
s  umner .
Much s e a s o n a l  v a r i a t i o n  i n  i m p o r t a n c e  took  p l a c e  i n  t h e  d i e t  a t  
t h e  s p e c i e s  l e v e l  w i t h i n  t h e s e  h i g h e r  t a x a  ( T a b l e  5)* w i t h i n  t h e  
am pbipods ,  p e l a g i c  h y p e r i i d B  d o m in a te d  i n  t h e  f a l l  b u t  w e r e  o f  
somewhat d i m i n i s h e d  i m p o r t a n c e  in  t h e  sunn ie r .  U. i r r o r a t a  was t h e  
second  most  i m p o r t a n t  a n p h i p o d  i n  f a l l  s a m p l e s  and t h e  most  i m p o r t a n t
41
F i g u r e  13* P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  number,  p e r c e n t  volume 
d i s p l a c e m e n t ,  a n d  i n d e x  o f  r e l a t i v e  i m p o r t a n c e  f lRT) o f  
h i g h e r  t a x o n o m ic  g r o u p s  o f  f o o d  i n  t h e  d i e t  o f  Urophyc l f l  
c husB ,  by s e a s o n a l  c r u i s e .
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g n p h i p o d  i n  w i n t e r *  s p r i n g ,  «nd l u m e r .  r u b r i c o r n i i  f o l l o w e d  i n
i m p o r t a n c e  f o r  a l l  s e a s o n s .  JI. s e r r a t e  was f a i r l y  i m p o r t a n t  a t  a l l  
s e a s o n s  e x c e p t  w i n t e r ,  when A. v a d o r u n  a n d  A. a g a s s i a i  b e c a n e  
i m p o r t a n t .  O t h e r  s e a s o n a l l y  i m p o r t a n t  amphipoda  w e re  H e l i t a  d e n t a t a  
and T.  e p i s t o m u s  i n  w i n t e r ,  F h o x o c e p h a l u a  h o j b o ^ l i  i n  a p r i n g  and 
a g a i n ,  a § f o r  SI. e r i n a c e a , M. e d w a r d a i  become i m p o r t a n t  i n  t h e  summer.
Decapod a p e c i e e  v a r i e d  L i t t l e  i n  r e l a t i v e  i m p o r t a n c e  s e a s o n a l l y ,  
and  c o n s i s t e d  m a i n l y  o f  C.  i r r o r a t u a , D i c h e l o p a n d a l u a  l o p t o c e r u s , and 
C, a e p t e a a p i n o B a , I). l e p t o c e r u s  b e c n e  more  i m p o r t a n t  aa food  in  
a u i m e r ,  c o n s i s t i n g  m a i n l y  o f  p o B t l o r v o l  and j u v e n i l e  a t a g e a .
W i th  t h e  e x c e p t i o n  o f  Aphrod  i  t  a h a s t  a t  a i n  t h e  a p r i n g  and 
L u m b r i n e r i * f r a g i l i a  i n  t h e  w i n t e r *  no q i n g l e  p o l y c h a e t e  s p e c i e s  was 
s i g n f i c a n t l y  more  i m p o r t a n t  t h a n  o t h e r  s p e c i e s  w i t h i n  a Beeson  o r  
among s e a s o n s .
Copepoda w e re  i m p o r t a n t  o n l y  i n  f a l l  and w i n t e r  sam p les*
C e n t r o p a g e a  t y p i c u a  was t h e  mos t  i m p o r t a n t  copepod  i n  th E  f a l l ,  and 
F a r a c a l a n u a  s p p .  was moat i m p o r t a n t  i n  t h e  w i n t e r *  A l l  o t h e r  s p e c i e s  
o f  c o p e  pods were o f  minor  i m p o r t a n c e ,
P l a c o p e c t e n  m a g e I 1a n i c u b , t h e  d e e p  s e a  s c a l l o p ,  waa t h e  o n ly  
i m p o r t a n t  p e l e c y p o d  s p e c i e s  and was consumed o n ly  by l a r g e r  f i a h  and 
ia  t h u s  a b s e n t  from t h e  d i e t  i n  t h e  f a l l *
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£ ,  p o l  i t a  was  a g a i n  t h e  moa t  i m p o r t a n t  i s o p o d  a t  a l l  t i m e s  o f  t h e  
y e a r ,  and a r c t i f r o n s  was t h e  most i m p o r t a n t  f i s h  c o n s u m e d  d u r i n g  
a l l  t e a  son a e x c e p t  a p r i n g ,  when t h u s  a was e q u a l l y  i m p o r t a n t .
C h a e t o g n a t h a , r e p r e s e n t e d  by 5 s g i t t a  e l a g a n s  o n l y  w e r e  i m p o r t a n t  
i n  t h e  s p r i n g  and t i n n i e r .
The f o o d  h a b i t s  o f  IK c h u a s  changed  w i t h  i n c r e a s i n g  a i r e  o f  t h e  
f i a h .  Amphipoda w ere  t h e  moa t  im p o r t a n t  p r e y  f o r  s m a l l e r  r e d  h a k e ,  
w i t h  p l a n k t o n i c  h y p e r i i d a  d o m i n a t i n g  i n  t h e  s m a l l e s t  s i z e  c l a s s  ( F i g .  
1 4 ) .  Cope pods  w e r e  a l s o  i m p o r t a n t  f o r  s m a l l  r e d  h a k e .  D e c a p o d s  a n d  
p o l y c h a s t e s  w e r e  m o re  i m p o r t a n t  fo r  l a r g e r  f i s h e s ,  and c h a e t o g n a t h a  
w e r e  i m p o r t a n t  f o r  a l l  s i z e  c l a s s e s  o f  I), c h u g s . Red h a k e  fed  on 
i n c r e a s i n g  numb e r g  o f  i n c r e a s i n g l y  l a r g e r  p r e y  i t e m s  u p  t o  s l e n g t h  o f  
a b o u t  3 0 0 -3 5 0  mm ( F i g .  15) .  The f e e d i n g  s t r a t e g y  o f  U- c h u a s  c h a n g e d  
a t  ab o u t  t h i s  L e n g t h ,  when f e w e r  prey i t e m s  o f  much l a r g e r  s i z e  w e re  
c o n s u m e d .
F e e d in g  p e r i o d i c i t y  was e v i d e n t  f o r  U. c h u s e  CFig.  l b )  i n  f a l l  
a n d  w i n t e r .  F e e d i n g  was m os t  i n t e n s e  a t  n i g h t ,  a n d  t h e  g r e a t e s t  
p e r c e n t a g e  o f  em pty  s to m a c h s  g e n e r a l l y  o c c u r r e d  f rom  1200 t o  2000 h r s .
I n  s p r i n g ,  h o w e v e r ,  t h e  p e r c e n t a g e  o f  em pty  s to m a c h s  r e m a i n e d  f a i r l y  
c o n s t a n t  and i n  a r a m e r  f e e d i n g  was m os t  i n t e n s e  d u r i n g  t h e  day .
P a t t e r n s  o f  p r e y  s e l e c t i v i t y  by O r o p h y c i e  c h u s e  w i t h  r e s p e c t  t o  
p r e y  s t r a t a  w e r e  e r r a t i c ,  a n d  each  i m p o r t a n t  p r e y  s p e c i e s  e x h i b i t e d  a 
d i f f e r e n t  p a t t e r n .  P e l a g i c  h y p e r i i d  Amphipods w e r e  i n f r e q u e n t  in  g r a b  
s a m p l e s ,  b u t  w e r e  v e r y  i m p o r t a n t  as  f ood  i t e m s ,  and c o m p r i s e d  o v e r  901
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F i g u r e  14.  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  num ber ,  p e r c e n t  vo lum e  
d i s p l a c e m e n t ,  and I n d e x  o f  r e l a t i v e  i m p o r t a n c e  o f  h i g h e r  
ta x o n o m ic  g ro u p a  o f  f o o d  In t h e  d i e t  o f  U r n p h y c i s  c h u s e , by 
s i z e  I n t e r v a l s ,
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F i g u r e  15. T h e  r e l a t i o n s h i p  be tw een  a i z e  o f  U r o p h y c l a  e h u a a  a n d  volume o f  
f o o d  consumed ( b r o k e n  l i n e ) ,  mean p r e y  vo lum e  ( s o l i d  l i n e ) ,  
a n d  p r e y  number  p e r  s to m a c h  ( d a s h e d  l i n e ) .
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F i g u r e  16* F e e d i n g  c h r o n o l o g y  In  U r o p h y c 1 b c h u s e .
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of  t h e  t o t a l  number o f  i n d i v i d u a l a  i n  same s t r a t a .  R e l a t i v e  a b u n d a n c e  
in  s to m a c h s  v a r i e d  g r e a t l y ,  bu t  s i n c e  r e l a t i v e  a b u n d a n c e  i n  b e n t h i c  
sam p les  was  C o n s i s t e n t l y  v e r y  low, e l e c t i v i t y  V a l u e s  w e re  s t r o n g l y  
p o s i t i v e  i n  a l l  s t r a t a . ,  Hyper i i d s  w e re  e s p e c i a l l y  a b u n d a n t  a s  food  i n  
a r e a  E, and  m a c r o b e n t h i c  i n v e r t e b r a t e s  w e r e  t h e r e f o r e  r e l a t i v e l y  l e s s  
abundan t  i n  t h e  d i e t  o f  r e d  hake  from a r e a  E ( F i g .  1 7 ) .  S m a l l e r  JJ. 
chuas  o c c u r r e d  in  a r e a  E (x Length  ■ 3 5 . 3 )  t h a n  i n  a r e a  B (ft Length  * 
5 4 . 9 )  and t h i s  a c c o u n t s  f o r  th e  h i g h e r  r e l a t i v e  a b u n d a n c e  o f  h y p e r i i d s  
i n  t h e  d i e t  o f  a r e a  E r e d  h a k e .
Unc i o l a  i r r o r a t  a f l u c t u a t e d  i n  a b u n d a n c e  among t h e  s t r a t a ,  b u t  
was r e l a t i v e l y  connon i n  a l l  s t r a t a  ( F i g .  1 7 ) .  T h i s  amphipod was 
e a t e n  in L a rg e  numbers  i n  a r e a  fi and was  p o s i t i v e l y  s e l e c t e d  f o r .  
However t h e  s m a l l e r  r e d  h ake  p r e s e n t  i n  a r e a  E consumed  U. i r r o r a t a  i n  
v a r y i n g  n u m b e rs ,  and t h i s  i s  r e f l e c t e d  i n  f l u c t u a t i n g  e l e c t i v i t y  
v a l u e s .
The r e l a t i v e  a h u n d a n c e  of  H, s e r r a t e  i n  red  h a k e  s to m a c h s  
fo l low ed  c l o s e l y  t h e  r e l a t i v e  ab u n d an c e  o f  t h i s  am phipod in t h e  
d i f f e r e n t  s t r a t a .  However ,  u n l i k e  R a j a  e r i n a c e a , r e d  hake  d id  n o t  
show a g e n e r a l l y  s t r o n g  p r e f e r e n c e  f o r  II. s e r r a t a . Red hake  a p p e a r e d  
t o  consume t h i s  amphipod i n  p r o p o r t i o n  t o  i t s  a b u n d a n c e  i n  th e  b e n t h o s  
and d e m o n s t r a t e d  a l m o s t  n e u t r a l  o r  s t r o n g  p o s i t i v e  s e l e c t i o n  f o r  them 
where th e y  w e re  a b u n d a n t .  However,  when Jl* a e r r a t a  was  p r e s e n t  i n  low 
numbers t h e y  were consumed in  low er  num bers  o r  n o t  a t  a l l .
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F i g u r e  17 .  R e l a t i v e  a b u n d a n c e  In U r o p h y c l s  c h u a s  a t o m a c h s  [d aah e d  l i n e )  
a n d  g r a b  a a m p le n  ( s o l i d  l i n e ) ,  a n d  e l e c t i v i t y  o f  i m p o r t a n t  
p r e y  a p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
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The a b u n d a n c e  o f  A. y j d g r u o  among t h *  v a r i o u s  s t r a t a ,  l i k e  t h a t  
o f  B. a e r r a t  a , had  a s i m i l a r  t r e n d  i n  a b u n d an c e  i n  b o t h  t h e  b e n t h a n  
a n d  the d i e t ,  b u t  i n  t h i a  c a s e  t h e  a n p h i p o d  was g e n e r a l l y  c o m w e d  i n  
much » n d l l e r  numbers  r e s u l t i n g  i n  g e n e r a l l y  n e g a t i v e  e l e c t i v i t y  v a l u e .
P r e d a t i o n  by r e d  h a k e  on E^ , r u b r i c o r n i a  d i d  n o t  a p p e a r  t o  be 
p r o p o r t i o n a l  t o  t h e  a b u n d a n c e  oC t h i a  a nph ipod  i n  t h e  b e n t h o s .
However,  a s  i n  B. s e r r a t a . p o s i t i v e  s e l e c t i o n  waa e x h i b i t e d  w h e re  t h i s  
amphipod was  r e l a t i v e l y  a b u n d a n t ,  b u t  i t  was n o t  a n  i n p o r t a n t  p r e y  
w h e re  i t  w as  r e l a t i v e l y  s c a r c e .
Decapods  t e . g .  ( .^ i r r o r a t u s  a n d  C rangon  a e p t  e m a p i n n s a ) w e r e  
r e l a t i v e l y  u n i m p o r t a n t  i n  t h e  d i e t  o f  r e d  hake  i n  t h e  f a l l ,  a n d ,  doe  
t o  t h e i r  low r e l a t i v e  a b u n d a n c e  i n  b o t h  s tom a chs  and  b e n t h i c  s a m p l e s ,  
e l e c t i v i t y  v a l u e s  f l u c t u a t e d  g r e a t l y .  However ,  s i n c e  d e c a p o d s  w ere  
v e r y  i m p o r t a n t  i n  t h e  d i e t  o f  l a r g e r  h a k e  c o l l e c t e d  i n  o t h e r  s e a s o n s ,  
i t  i s  l i k e l y  t h a t  r e d  h a k e  show a c o n s i s t e n t l y  h i g h  p o s i t i v e  
s e l e c t i v i t y  f o r  d e c a p o d s ,  a s  has  b e e n  o b s e r v e d  i n  K a j a  e r i n a c e a .
In a d d i t i o n  t o  t h e  p r e v i o u s l y  d i s c u s s e d  p r e y  s p e c i e s  U. ch i i s s  fed  
h e a v i l y  on s e v e r a l  p rey  s p e c i e s  w h ich  were  a b s e n t  f r o m  g r a b  s a m p l e s  
b e c a u s e  t h e y  a r e  e i t h e r  h i g h l y  m o b i l e  o r  p e l a g i c .  T h e s e  p r e y  s p e c i e s  
i n c l u d e d  c a l a n o i d  cop ep o d s  and  f i s h e s  such  a s  s m a l l  chose  and  C^ . 
a r c t i  Erons,
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U r o p h y c i s  r e g i u s
S p a t te d  hake  were common in  t h e  study Area in  f a l l  and were 
abundant in  a u n u r .  They were rare in the  c o ld e r  months, and on ly  two 
were captured in  w i n t e r .
Decapod c r u s t a c e a n s  were the  most important food for  s p o t te d  hake 
during a l l  s eason s  for which adequate  data  were a v a i l a b l e  (P ig -  IS J, 
F i s h e s  and amphipoda were next  in importance in f a l l  and simmer, and 
the  r e l a t i v e  importance o f  t h e s e  and o th er  tana o f  food was s im i la r  
during  th e s e  s e a s o n s .  The r e l a t i v e  importance o f  t h e s e  tanta was
d i f f e r e n t  in  apring sam ples ,  but t h i s  may he a r e f l e c t i o n  o f  the  s n a i l
sample s i z e  a v a i l a b l e .  In s p r i n g ,  decapods were fo l low ed  in order of
importance by cephalopoda,  f i s h e s ,  p e le c y p o d s ,  and amphipoda and
iso p o d s ,  t h e s e  l a s t  two be ing  o f  near ly  equal  low importance.
At t h e  s p e c i e s  l e v e l ,  food h a b i t s  changed c o n s id e r a b ly  s e a s o n a l ly  
(Table  6 ) .  Crangon s e p t e n a p in o s a  was by f a r  the  most important  
decapod prey s p e c i e s  in f a l l ,  fo l low ed  by C. i r r o r a t u s  and D.
^ ep to c e tu f l . In s p r i n g ,  i r to r a tu f l  became the  most important  
decapod, fo l l o w e d  by C^ . b o r e a l i s  and Crangon s e p t e n a p i n o s a . D. 
l e p to c e ru a  was not consumed at a l l  in the s p r i n g ,  but was th e  most 
important decapod prey in summer, when many p o s t la r v a e  and j u v e n i l e s  
were consumed. (I. i r ro r a tu a  was a l s o  important in the simmer, but 
Crangon sep tem sp inosa  was o f  minor importance.
5 8
F i g u r e  18- P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  and I n d e x  o f  r e l a t i v e  i m p o r t a n c e  ( IRE)  o f  
h i g h e r  t a x o n o m ic  g r o u p s  o f  food i n  th e  d i e t  o f  t l rophyc iH  
r e g i u s , by s e a s o n a l  c r u i s e .
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Among f i s h e s ,  £ .  a r c t i f t o n s  v i a  t h e  most  i m p o r t a n t  p r e y  s p e c i e s .  
L e p oph id ium  c e rv in u m  was an i m p o r t a n t  p r e y  i n  t h e  f a l l ,  and IK c h u s e  
and M. b i l i n a a r i a  were  i m p o r t a n t  i n  f a l l  and g u n m t .
£ ,  i r r o r a t a  was t h e  most  i m p o r t a n t  amphipod p r e y  i n  t h e  f a l l ,  
f o l l o w e d  by £ .  r u b r  i e o r n i a , £ .  g a u d i c h a u d i i , and B-, e e r r a t a . In 
s i t m c r ,  t h e  p e l a g i c  h y p e r  1 id  P.  g a u d i c h a u d i i  was t h e  moat  i m p o r t a n t  
am phipod ,  f o l l o w e d  by U. i r r o r a t a  and T. e p i e t o a m s *
h o a e i j i  t e n e r a  wbh t h e  moat i m p o r t a n t  c e p h a l o p o d  d u r i n g  t h e  warmer 
f a l l  and summer s e a s o n s ,  l i l e x  i l l e c e b r o a u a  was f r e q u e n t l y  c a p t u r e d  
in t h e  s t u d y  a r e a  i n  w i n t e r  and s p r i n g ,  but  was a b s e n t  i n  s immer  and 
f a l l ,  and  t h i s  i s  r e f l e c t e d  i n  t h e  d i e t  o f  U, r e g i u s .
P o i y c h a e t e s  were consumed i n f r e q u e n t l y ,  and no  one p o l y c h e e t e  
s p e c i e s  w as  d o m i n a n t  i n  t h e  d i e t .  The  d e e p - s e a  s c a l l o p ,  
ms g e l  l a n i c u s  , was t h e  moa t  i m p o r t a n t  b i v a l v e  c o n s u m e d ,  and £ ,  po 1 i  t  a 
was t h e  most  i m p o r t a n t  i s o p o d .
S p o t t e d  hake f e d  on i n c r e a s i n g  num bers  o f  d e c a p o d s  w i t h  
i n c r e a s i n g  s i z e  o f  t h e  f i s h  ( F i g .  1 9 ) .  Numbers o f  f i s h e s  consumed by 
£ .  r e g i u s  a c t u a l l y  d e c r e a s e d  in r e l a t i v e  n u m e r i c a l  i m p o r t a n c e ,  b u t  the  
p e r c e n t  vo lum e d e c r e a s e d ,  t h e n  i n c r e a s e d ,  i n d i c a t i n g  t h a t  l a r g e r  U„ 
r e g i u s  f e d  on l a r g e r  f i s h ,  Amphipoda d e c r e a s e d  i n  i m p o r t a n c e  in  
l a r g e r  f i s h  and c e p h a l o p o d a ,  w h i l e  r e m a i n i n g  c o n s t a n t  i n  r e l a t i v e  
abundance ,  became v o l u m e t r  i c a l  ly i m p o r t a n t  i n  t h e  l a r g e s t  JJ, r e g i u s .
£ .  r e g i u a  d e m o n s t r a t e d  a d i s t i n c t  c h a n g e  i n  f e e d i n g  s t r a t e g y  a t  ab o u t  
250 mm s t a n d a r d  Length  ( F i g .  2 0 ) .  The a i t *  of  i n d i v i d u a l  p r e y  i t e m s
62
F i g u r e  19, P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  number,  p e r c e n t  volume 
d i s p l a c e m e n t ,  and  Index  o f  r e l a t i v e  i m p o r t a n c e  o f  h i g h e r  
ta x o n o m ic  g r o u p s  o f  food I n  t h e  d i e t  o f  U ro p h y c l s  r e g i u s , by 
s i z e  i n t e r v a l s .
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F i g u r e  20 ,  The r e l a t i o n s h i p  be tw ee n  s i z e  o f  u r o p h y c l a  r e g i u s  and volume
o f  food consumed (b r ok e n  l i n e ) ,  mean p r e y  vo lum e  ( s o l i d  l i n e ) *  
and p r e y  number p e r  s t o m a c h  (d ash ed  l i n e ) .
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i n c r e a s e d  by a n  o r d e r  of  m a g n i t u d e ,  end f e w e r  w e re  c o n  a im ed .  The 
o v e r a l l  vo lume of  s tomach c o n t e n t !  t r i p l e d  i n  f i s h  l a r g e r  t h a n  250 o n .
Due t o  t h e  em ai l  ■ample s i z e  a v a i l a b l e  from o t h e r  s e a s o n s ,  
f e e d i n g  c h r o n o l o g y  was p l o t t e d  o n l y  fo r  summer s a m p l e • ( F i g .  2 1 ) .
D u r in g  th e  a i m o e r  s p o t t e d  hake w e re  p r i m a r i l y  n i g h t  and m o r n i n g  
f e e d e r s .  A f e e d i n g  minimum, o c c u r r e d  i n  t h e  a f t e r n o o n .
R e s u l t s  o f  t h e  e l e c t i v i t y  i n d e x  a n a l y s i s  f o r  1U. r e g i u a  w e re  q u i t e  
e r r a t i c  and g e n e r a l l y  u n i n t e r p r e t a b l e  ( F i g .  2 2 ) ,  S i n c e  1J, r e g i u a  was 
no t  abundan t  i n  th e  f a l l ,  s am p le  s i z e s  f o r  each  s t r a t u m  w e re  v e ry  
s m a l l .  A l s o ,  JJ. r e g i u a  fed  h e a v i l y  on f i s h e s  and c e p h a l o p o d a ,  w h ich  
a r e  no t  c a p t u r e d  by g r a b s .  Few p a t t e r n s  o f  s e l e c t i o n  w i t h  r e s p e c t  t o  
s t r a t a  c o u l d  be found,
C rang  on s e p t e m s p i n a s a  was i m p o r t a n t  i n  t h e  d i e t  i n  a l l  s t r a t a ,  
and IT. r e g i u a  e x h i b i t e d  a c o n s i s t e n t l y  h i g h  p o s i t i v e  e l e c t  i v i t y  f o r  
t h i s  decapod  ( F i g ,  2 2 ) ,  I f  s t r a t a  w i th  e x t r e m e l y  low s a n p l e  s i r e s  ( 2 ,
4 ,  and 5 i n  a r e a  B) a r e  i g n o r e d  , C, i r r o r a t u s  and D. l e p t o c e r u s  
abundance  and e l E C t i v i t y  w ere  s i m i l a r  t o  t h o s e  o f  C^ . a e p t e m s p i n o s a .
C^ , b o r e a l i s  was p r e s e n t  in  t h e  b e n t h o s  i n  d e e p e r  h a b i t a t  s t r a t a ,  b u t  
t h i s  c r a b  was n o t  a f r e q u e n t  fo o d  i t e m .  The a m ph ipods  U, i r c o r a t a  and 
r u b r i c o r n i s  were q u i t e  a b u n d a n t  i n  f i s h  s to m a c h s  from some s t r a t a ,  
b u t  t h i s  a b u n d an c e  v i s  no t  c o r r e l a t e d  w i t h  a b u n d a n c e  i n  t h e  b e n t h o s ,  
and e l e c t i v i t y  v a l u e s  f l u c t u a t e d  w i d e l y .  H y p e r i i d  am phipods  were  
g e n e r a l l y  n o t  e a t e n ,  bu t  due t o  low r e l a t i v e  a b u n d a n c e  i n  t h e  b e n t h o s ,
6 5
F i g u r e  21.  F e e d i n g  c h r o n o l o g y  i n  U ruphygif l  r e g i u a .
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F i g u r e  22 * R e l a t i v e  a b u n d a n c e  In  t l r o p h y e l a  r e g i u a  s to m a c h s  ( d a s h e d  
l i n e )  and  g r a b  s a m p le s  ( s o l i d  l i n e ) *  a n d  e l e c t i v i t y  o f  
i m p o r t a n t  p r e y  s p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
vlflnriH
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a h ig h  p o s i t i v e  s e l e c t i v i t y  was found  i n  t e r e t e  where th e s e  amphipods  
were  consumed.
M e r l u c c i m  b i l i n e a r i *
S i l v e r  hake  were abundant  i n  t h e  s t u d y  e r e *  a t  e l l  t i m e s  of  t h e  
y e a r  but  l e s s  so i n  s p r i n g .  Again* aa i n  r e d  h a k e ,  small j u v e n i l e  
f i a h  dominated t h e  c a t c h e s  in f a l l  end suddei  (T a b l e  1), Food h a b i t s  
o f  t h i s  s p e c i e s  v a r i e d  g r e a t l y  w i t h  s e a a o n  ( F i g .  2 3 ) .  Anphipoda were  
t h e  most im p o r tan t  g r o u p  of  food i t e m s  i n  f a L l ,  w i n t e r ,  and gunner .  
F i s h e s  were s econd  i n  importance  i n  w i n t e r  and s u g n e r  and were 
r e l a t i v e l y  u n im p o r t a n t  i n  f a l l  and  s p r i n g .  Cephalopoda r e p l a c e d  
f i s h e s  as  the s econd  moat im por tan t  food g r o u p  i n  s p r in g  and were 
q u i t e  im por tan t  i n  f a l l  a l s o .  They were consumed l i t t l e  i n  w i n t e r  and 
summer, when f i a h e s  were second i n  im p o r t a n c e .  Decapods were t h i r d  in  
im p o r ta n c e  in w i n t e r  and aiaamer, w h e r e a s  copepods  were t h i r d  in  
im p o r tan ce  in  f a l l  and amphipods i n  s p r i n g .  Chaetognatha  were a b s e n t  
i n  th e  d i e t  in f a i l ,  were  r e l a t i v e l y  u n i m p o r t a n t  i n  winter* b u t  were  
t h e  most im por tan t  p rey  taxon in  s p r i n g .  They were  a l s o  consumed 
f r e q u e n t l y  in  t h e  suamer  +
P la n k t o n ie  h y p e r i i d  amphipods (P ,  g a u d i c h a u d i i ) were th e  most 
im p o r t a n t  amphipods d u r in g  a l l  s e a s o n s  (T a b l e  7 ) ,  s e r r a t e  and A.
v a d o ru a  were i m p o r t a n t  i n  f a l l  and simmer ,  and A, a g a a s i z i  was a l s o  an 
im p o r t a n t  prey  s p e c i e s  i n  summer, Hippomedon a e r r a t u s  was f r e q u e n t l y  
consis ted  in the w i n t e r  b u t  s p r i n g  f i s h  t h a t  fed on amphipods a t e  J?, 
g a u d i c h a u d i i  a lm o s t  e x c l u s i v e l y .
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F i g u r e  23.  P e r c e n t  f r e q u e n c y  o c c u r r e n c e *  p e r c e n t  n u m b e r ,  p e r c e n t  vo lum e  
d i s p l a c e m e n t ,  and  Index  o f  r e l a t i v e  I m p o r t a n c e  (IRE)  o f  
h i g h e r  t axonom ic  g ro u p s  o f  food  In  t h e  d i e t  o f  M e r l u c c i i i s  
b l l l n e a r i B *  by s e a s o n a l  c r u i s e .
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The r e l a t i v e  i m p o r t a n c e  o f  d i f f e r e n t  f i s h  s p e c i e s  i n  t h e  d i e t  
aL io  c h a n g e d  s e a s o n a l l y .  Hound h e r r i n g ,  E t r u m e u s  t e r e a , m s  t h e  mos t  
i m p o r t a n t  s p e c i e s  in  t h e  f a l l ,  f o l l o w e d  by s m a l l  H* b i l  i n e a r  i s  and C^ . 
a r c t i f r o n i . H. b i l i n e a r i s  became t h e  moat i m p o r t a n t  f i s h  in  t h e  d i e t  
i n  w i n t e r  and j u a m e r ,  a n d  C. a r c t  i f r o n a  was m o s t  i m p o r t a n t  In s p r i n g -  
Red h a k e  were s e a s o n a l l y  i m p o r t a n t ,  e s p e c i a l l y  i n  s u n u e r .
S p e c i e s  c o m p o s i t i o n  o f  c e p h a l o p o d a  i n  t h e  d i e t  c h an g e d  
s e a s o n a l l y ,  r e f l e c t i n g  c h a n g e s  in  s p e c i e s  c o m p o s i t i o n  o f  t h e s e  s q u i d s  
in  t h e  t r a w l  c a t c h e s .  L o l i g i t i i d s ,  p r o b a b l y  a l l  L o l i g o  p e a i e i i t were 
most  i m p o r t a n t  in  t h e  w armer  s e a s o n s ,  f a l l  and s im m e r .  J_, 
i-1 l e c e b r o s u s  was by f a r  t h e  most  i m p o r t a n t  s q u i d  e a t e n  i n  s p r i n g ,  and 
R. t c n e r a  was e a t e n  in  s m a l l  m o u n t s  a l l  y e a r .
D. l e p t o c e r u a  w as  t h e  most  i m p o r t a n t  d e c a p o d  food  a t  a l l  t im e s  
o f  t h e  y e a r .  C^ . s e p t e m s p i n p s a  was a l s o  i m p o r t a n t  a t  a l l  t i m e s  o f  t h e  
y e a r  e x c e p t  s p r i n g ,  when few d e c a p o d s  were e a t e n .  B r a c h y u r a n  l a r v a e  
( to e  a  a n d  m ega lopae)  w ere  f r e q u e n t l y  cons  Limed i n  t h e  f a l l  and summer, 
p r o b a b l y  r e f l e c t i n g  p e a k s  in  a b u n d a n c e  o f  t h e s e  s t a g e s  in  t h e  
n e a r - b o t t o m  p l a n k t o n ,  (J ope pods w ere  s i g n i f i c a n t  i n  t h e  d i e t  in  f a l l  
and w i n t e r  only  and c o n s i s t e d  p r i m a r i l y  of  £ .  t y p i c u s  i n  t h e  f a l l  and 
P a r a c a l a n u s  8pp.  in  t h e  w i n t e r .  A l l  i d e n t i f i a b l e  c h a e t o g n a t h s  were S.  
e 1e g a n s , and  t h e s e  w ere  a very  i m p o r t a n t  f ood  i t e m  in  s p r i n g .
C u n a c e a n s  in  t h e  d i e t  w ere  p r i m a r i l y  D. a c u l p t a  i n  w i n t e r  and s p r i n g  
and D, b i S p i n o s a  i n  f a l l  and  s m m e r .
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The food h a b i t s  of  H. b i l i n e a r  i s  c h a n g e d  somewhat w i t h  s i r e  ( F i g .  
2 4 ) .  Amphipods w ire  r e l a t i v e l y  numerous  i n  e l l  s i z e  c l a s s e s  e x c e p t  
t h e  l a r g e s t ,  b u t  t h e y  s t e a d i l y  d e c r e a s e d  i n  r e l a t i v e  volume i n  l a r g e r  
f i s h .  F i s h e s  end c e p h a lo p o d a  were n u m e r i c a l l y  more i m p o r t a n t  in  
l a r g e r  f i s h e s  and made up t h e  bu lk  o f  food  i n  L a r g e r  s i l v e r  hakes*  
Decapods were t h e  moat i m p o r t a n t  food  f o r  s m a l l  and m e d i u m - s i z e d  f i a h  
(101*200 mm) and c h a e t o g n a t h s  were a l s o  i m p o r t a n t  f o r  m a i l  and 
m e d iu m -a i l e d  f i s h .
M. b i l  i n e a r  i s  fed on  s m a l l  food  i t e m s  up  t o  a f i s h  l e n g t h  o f  
ab o u t  350 mn ( F i g .  25) .  A verage  p rey  s i z e  i n c r e a s e d  a t  351-400  nan, 
and c o n t i n u e d  a sh a rp  i n c r e a s e  in s i z e  up t o  t h e  l a r g e s t  f i s h  s a m p l e d .  
Average number of  p rey  p e r  Stomach f l u c t u a t e d  , b u t  r e a c h e d  a maximum 
a t  f i s h  l e n g t h s  of  251-3DO mm.
The d i e l  f e e d i n g  c h r o n o l o g y  o f  J1. b i l i n e a r i a  d e m o n s t r a t e d  two 
p a t t e r n s  ( F i g .  2 b ) .  F a l l  and summer p a t t e r n s  c o n s i s t e d  o f  a maximum 
o f  f u l l  s tom a chs  a t  n i g h t ,  w i t h  minimum o c c u r r i n g  d u r i n g  th e  d a y .  In 
w i n t e r  and s p r i n g ,  f e e d i n g  a c t i v i t y  a p p a r e n t l y  d e c r e a s e d  from m i d n i g h t  
u n t i l  a f t e r  s u n r i s e ,  i n c r e a s e d  to  a maximum d u r i n g  m i d - a f t e r n o o n  and 
th e n  d e c r e a s e d  St n i g h t .  The d i f f e r e n t  p a t t e r n s  may be r e l a t e d  t o  t h e  
fac t  t h a t  d i f f e r e n t  p o p u l a t i o n s  of  s i l v e r  h a k e  were  p r e s e n t  at  
d i f f e r e n t  s e a s o n s .  In f a l l  and g u n n e r ,  j u v e n i l e  M. b i 1 i n e a r i s  
dom ina ted  in th e  s tudy  a r e a .  In w i n t e r  and s p r i n g ,  h o w ev e r ,  a d u l t  
f i s h  were p r e s e n t  in th e  s t u d y  a r e a .  S i n c e  j u v e n i l e s  a r e  t h e m s e l v e s  
s u b j e c t  t o  p r e d a t i o n  by s i l v e r  hake and o t h e r  f i s h e s ,  t h e y  nay  become 
more i n a c t i v e  d u r in g  th e  d a y ,  f o r a g i n g  more  at n i g h t .
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F i g u r e  24 .  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  num ber ,  p e r c e n t  vo lum e 
d i s p l a c e m e n t ,  and  i n d e x  o f  r e l a t i v e  I m p o r t a n c e  o f  h i g h e r  
ta xonom ic  g r o u p s  o f  f o o d  i n  t h e  d i e t  o f  M e r l u c c l u e  b i l i n e a r l a , 
by s i z e  i n t e r v a l s .
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F i g u r e  2 5 ,  The r e l a t i o n s h i p  b e t w e e n  ei?,e o f  H e r l u c c l u s  b l l i n e a r i s
and volume of  food c o n  Bunted (b r o k e n  H u e ) ,  mean p r e y  volume 
( s o l i d  l i n e ) t and  p r e y  number p e r  s to m a c h  ( d a s h e d  l i n e ) .
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F i g u r e  2b. F e e d i n g  c h r o n o l o g y  In  Her Luce 1 ufl b i  1 l n e a r i e .
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A n a l y s i s  o f  food  h a b i t s  and  s e l e c t i v i t y  o f  H. b i l i n e a r i a  w i t h  
r e s p e c t  t o  s t r a t a  r e v e a l e d  few c o n s i s t e n t  p a t t e r n s .  Much o f  t h e  food  
o f  t h e  s i l v e r  h ake  c o n s i s t e d  o f  p e l a g i c  i n v e r t e b r a t e s  ( h y p e r i i d s ,  
c e p h a l o p o d a ,  cope p o d s ,  c h a e t o g n a t h s )  and h i g h l y  m o b i l e  f i s h e s ,  
h y p e r i i d  amphipods  were  found  i n  low l u m b e r s  i n  g r a b s  from a l l  s t r a t a ,  
and e l e c t i v i t y  v a l u e s  f o r  them  were  c o n s i s t e n t l y  h i g h ,  Copepoda w e re  
r e l a t i v e l y  a b u n d a n t  a s  food  i n  s e v e r a l  s t r a t a  a l s o ,  Among t h e  
d o m i n a n t  b e n t h i c  p r e y  s p e c i e s ,  j)* l e p t o c e r u a  o c c u r r e d  in low n u m b e rs  
o r  was c o m p l e t e l y  a b s e n t  from g r a b  s a m p l e s  ( F i g ,  2 7 ) ,  When i t  
o c c u r r e d  i n  low l u m b e r s ,  H. b i  l i n e a r i s  showed a s t r o n g  p o s i t i v e  
s e l e c t i o n  f o r  i t .  However i n  s t r a t a  w h e re  i t  was n o t  t a k e n ,  s u c h  as  
a l l  o f  a r e a  E, i t  was n o t  conaunied , i n d i c a t i n g  t h a t  H, b i  l i n e a r i s  
o p p o r t u n i s t i c a l l y  f e e d s  on t h i s  s p e c i e s  when i t  i s  p r e s e n t  i n  h i g h  
e n o u  c o n c e n t r a t i o n s .  With t h e  e x c e p t i o n  o f  s t r a t u m  4 in a r e a  £ 
w h ic h  h a d  a s m a l l  s am p le  s i z e ,  t h e  a b u n d a n c e  o f  A. vadorum i n  s t o m a c h s  
c l o s e l y  p a r a l l e l e d  i t s  a b u n d a n c e  i n  t h e  b e n t h o s ,  w i t h  H. b i l i n e a r i s  
s h o w in g  a g e n e r a l l y  m o d e r a t e  p o s i t i v e  s e l e c t i o n  f o r  t h i s  a m ph ipod .  
P r e d a t i o n  on a n o t h e r  i m p o r t a n t  am phipod ,  B, a e r r a t a , was q u i t e  
e r r a t i c .  In  a r e a  B t h i s  amphipod  was consumed i n  h i g h  numbers  where  
i t  waa a b u n d a n t  i n  b e n t h i c  a a m p le h , b u t  i n  a r e a  E t h i s  r e l a t i o n s h i p  
d i d  n o t  h o l d .  T h i s  may be an a r t i f a c t  o f  t h e  s m a l l e r  sample  s i z e  f o r  
s t r a t a  in  a r e a  S. £ .  a e p t e m a p i n o a a  was p o s i t i v e l y  s e l e c t e d  f o r  in  
some s t r a t a ,  and JU. b i s p i n o a a  was g e n e r a l l y  n o t  consumed in  p r o p o r t i o n  
t o  i t  a a b u n d a n c e .
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F i g u r e  27.  R e l a t i v e  a bundanc e  in  M e r l u c c i g s  b l l i n e a r  l a  s t o m a c h s  (d ash ed  
l i n e )  a n d  g r a b  s a m p le s  ( s o l i d  l i n e ) ,  a n d  e l e c t i v i t y  o f  
i m p o r t a n t  b e n t h i c  p rey  s p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
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The o c e a n  pou t  v a r i e d  g r e a t l y  i n  i t s  r e l a t i v e  a b u n d a n c e ,  b u t  a t  
t i m e s  made up  a  s i g n i f i c a n t  p o r t i o n  o f  t h e  c a t c h  ( T a b l e  1 ) .
A b u n d a n c e s  w e r e  Low i n  f a l l  (21  i n d i v i d u a l s ) ,  w i n t e r  ( 4 6  i n d i v i d u a l s ) ,  
and  s p r i n g  ( B i  i n d i v i d u a l s ) .  In  s u n u e r ,  h o w e v e r ,  many j u v e n i l e s  w e re  
p r e s e n t  i n  t h e  s tu d y  a r e a ,  and  a b u n d an c e  o f  o c e a n  p o u t  i n c r e a s e d  
t r e m e n d o u s l y  <397 i n d i v i d u a l s ) .
M. amer ic  anus  f e d  m a i n l y  on am ph ipods  and d e c a p o d s  ( F i g .  2 8 ) ,
w h ic h  made up  a l a r g e  p r o p o r t i o n  □ £ t h e  d i e t  a t  a l l  s e a s o n s  o f  t h e
y e a r  f o r  w h ic h  d a t a  were  a v a i l a b l e  (n o n e  o f  t h e  f i s h e s  t a k e n  i n  f a l l  
h a d  fo o d  i n  t h e i r  s t o m a c h s ) .  P o l y c h a e t e s  w e re  i m p o r t a n t  i n  t h e  d i e t  
i n  w i n t e r  and s p r i n g  b u t  were  o f  m in o r  i m p o r t a n c e  i n  siaamer.
Cumaceans  were  e a t e n  i n  s m a l l  amounts  d u r i n g  a l l  s e a s o n s ,  and 
p e l e c y p o d  mo L iu se a  were  s l i g h t l y  i m p o r t a n t  i n  w i n t e r  and  summer. 
E c h i n o i d s  were  i m p o r t a n t  in  t h e  d i e t  i n  w i n t e r  b u t  were  u n i m p o r t a n t  o r  
a b s e n t  £ torn t h e  d i e t  a t  o t h e r  t i m e s  o f  t h e  y e a r .
At t h e  s p e c i e s  l e v e l ,  fo o d  h a b i t s  w e re  somewhat d i f f e r e n t  
s e a s o n a l l y  ( T a b l e  B ) . U. i r r o r a t f l , an i m p o r t a n t  am phipod  i n  t h e  d i e t  
a t  a l l  t i m e s  o f  t h e  y e a r ,  was most i m p o r t a n t  i n  w i n t e r .  E*
r u b r  i c o r n i B  was  t h e  most  i m p o r t a n t  food i t e m  i n  s p r i n g  and summer,  b u t
was s e c o n d  t o  ]J. i r r o r a t a  in w i n t e r .  T h e s e  two s p e c i e s  were  by f a r  
t h e  m o s t  i m p o r t a n t  am phipods  i n  t h e  d i e t  o f  M, smer  i c a n u s , and o t h e r  
am p h ip o d s  were  r e l a t i v e l y  u n i m p o r t a n t  a s  p r e y .  Decapods  i n  t h e  d i e t
80
F i g u r e  28,  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  vo lume 
d i s p l a c e m e n t ,  and i n d e x  o f  r e l a t i v e  I m p o r t a n c e  ( I K I )  o f  
h i g h e r  ta xonom ic  grou p s  o f  fo o d  i n  th e  d i e t  o f  M a c r o g o a t e e s  
a m e r l c a n u B , by s e a s o n a l  c r u i s e .
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w e r e  d o m in a te d  by C<nc*r j r r o t e t u * , i n d  a few C i n c a r  b o r e a l  i s  a n d  
Crangon  s e p t e m a p i n o a a  were a l s o  consumed.
He m o t  hoe  e x t e n u a t e  w a t  an i m p o r t a n t  p o l y c h a e t e  a t  a l l  t i m e s  o f  
t h e  y e a r .  A  ^ h a s t a t a  was im p o r t a n t  i n  th e  s p r i n g  due t o  t h e  
c o n e m p t i o n  o f  a few Large i n d i v i d u a l s .  L u n b r i o a r i *  f r a g i l i *  waa 
i m p o r t a n t  i n  t h e  w i n t e r h O th e r  p o l y c h a e t e s  were o c c a s i o n a l l y  
c ona ianed,
P e l e c y p o d s  were  on ly  o c c a s i o n a l l y  e a t e n ,  b u t  ^P, raagel l a n i c u s  was 
a n  i m p o r t a n t  p a r t  o f  the d i e t  in summer, Ctimaceans , m a in ly  II. a c u l p t a  
w e re  i m p o r t a n t  i n  t h e  s p r i n g .  Ec h i  nod arms were  i m p o r t a n t  i n  t h e  
w i n t e r  and s p r i n g  and c o n s i s t e d  m a i n l y  o f  s and  d o l l a r s ,  E c h i n a r a c h n i  u a 
p s t n A .
The food h a b i t s  of  hi. a t n e r i c a n u s  f l u c t u a t e d  w i t h  s i z e  o f  t h e  
p r e d a t o r  ( F i g ,  2 9 ) .  S m a l le r  f i s h e s  t e n d e d  t o  consume more a m p h ip o d s  
t h a n  d e c a p o d s t a n d  they  made up th e  b u lk  of  th e  food  e a t e n .  L a r g e r  
f i s h e s  fed  more h e a v i l y  on d e c a p o d s ,  which made up t h e  g r e a t e s t  vo lum e  
o f  food f o r  L a r g e r  ocean  p o u t .  However,  t h i s  g e n e r a l  t r e n d  was 
i n t e r r u p t e d  i n  f i s h e s  from 2 51-400 mm where s m a l l e r  f i s h e s  i n  t h i s  
r a n g e  fed on f e w e r  amphipods ,  w h i l e  l a r g e r  f i s h  a t e  amphipods a l m o s t  
e x c l u s i v e l y .  Decapods  dom ina ted  by volume in f i s h e s  w i t h i n  t h i s  s i z e  
r a n g e .  A l th o u g h  t h e  t o t a l  volume o f  food cons is ted  d id  i n c r e a s e  
r e g u l a r l y  from s m a l l  t o  l a r g e  f i s h ,  t h e  mean volume o f  each  p r e y  i t e m  
f l u c t u a t e d ,  as  d i d  the number of  p rey  consisted  ( F i g .  3 0 ) ,  Ocean  p o u t
fl4
F i g u r e  2 9 ,  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  e n d  in d e x  o f  r e l a t i v e  I m p o r t a n c e  o f  h i g h e r  
t a x o n o m ic  g r o u p s  o f  food  In  t h e  d i e t  o f  M a r r o z o a r c e a  
a m a r I c a n u s ,  by s i z e  I n t e r v a l s .
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F i g u r e  30, The r e l a t i o n s h i p  be tween s i z e  o f  Macroaoarcefl  ame r i d  anus
a n d  volume n f  Food consumed (b r o k e n  l i n e ) *  mean p rey  volume 
( s o l i d  l i n e ) ,  and p r e y  number p e t  s tomach  ( d a s h e d  l i n e ) .
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« r e  a p p a r e n t l y  a b l e  t o  c o n a r a e  n a i l  food i t e m s  t h r o u g h o u t  t h e  s i t e
r a n g e  o b s e r v e d  i n  t h i s  a t u d y .
T h e r e  i a  an  a p p a r e n t  p a t t e r n  i n  the  f e e d i n g  c h r o n o l o g y  o f  >1. 
a m e r i c a n u a  ( F i g .  3 1 ) ,  S p r i n g  end f lu m e r  s a m p l e s ,  t h o u g h  r e l a t i v e l y  
s m a l l ,  d e m o n s t r a t e d  i n  i n c r e a s e d  f e e d i n g  i n t e n s i t y  d u r i n g  t h e  d a y .  
9 1 e g v a d  ( 1 9 1 7 )  found t h a t  f e e d i n g  i n t e m i t y  d e c r e a s e d  t o  n e a r  a e r o  in  
e a s t e r n  A t l a n t i c  Z o a r c e a  v i v i p a r u s  d u r in g  t h e  n i g h t .  Of t h e  23 oc e a n  
p o u t  c a p t u r e d  an  t h e  f e l l  c r u i s e ,  none had  f o o d  in  t h e i r  s t o m a c h s .
O l s e n  and M e r r i n a n  ( 1 9 4 6 )  s I h o  n o t e d  a h igh  ( 3 6 . 4  -  75! )  p e r c e n t a g e  o f  
e m p ty  s t o m a c h s  among t h e i r  f a l l  s a m p l e s .  They  s u g g e s t e d  t h a t  t h i s  may 
b e  a t e n d e n c y  t o  s t o p  f e e d i n g  d u r i n g  spaw ning  o r  movement i n t o  r o c k y  
w i n t e r  h a b i t a t s ,
No s t o m a c h s  c o n t a i n i n g  food  were  t a k e n  on t h e  f a l l  c r u i s e ,  and 
t h u s  no c o m p a r i s o n  o f  t h e  d i e t  o f  If. a n a r i c a n u s  w i t h  t h e  m a c r o b e n t h o s  
c o u l d  be  m a d e .  However,  H. a n e r i c a n u s  a p p e a r s  t o  be  much m o re  
s p e c i a l i s e d  i n  i t s  d i e t  t h a n  o t h e r  f i s h e s  e x am in ed  and shows a s t r o n g  
s e l e c t i v i t y  f o r  e p i f a u n a l  n a c r o b e n t h i c  c r u s t a c e a n s ,  e s p e c i a l l y  E, 
r  u b r  i c o r n i a  , U_. i r r o r a t a , and C, i r r o r s t u a  .
S t e n o t  ooiuB c h r y s o p s
S co p  w e r e  a b u n d a n t  i n  t h e  s t u d y  a r e a  i n  t h e  f a l l ,  w i t h  o n l y  a
few i n d i v i d u a l s  t a k e n  o n  o t h e r  c r u i s e s  (T a b l e  1 ) .  Food h a b i t s
a n a l y s i s  was  l i m i t e d  t o  f a l l  a m n p le s .
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F i g u r e  31,  F e e d in g  c h r o n o l o g y  i n  M a c ro z o a rc e a  a m e r l c a n u a .
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c h r y s o p *  f e d  m a i n l y  on n p h i p o d *  and p o l y c h a e t e s ,  and t h e s e  
t a x  a w ere  n e a r l y  e q u a l  in  i m p o r t a n c e  in  t h e  d i e t  ( F i g .  3 2 ) ,  D e c a p o d * ,  
c o p e  p o d * ,  g a s t r o p o d s ,  and  cm aaceen*  were o f  l a s * a r  i m p o r t a n c e .
Numerous  o t h e r  t a x *  were i n f r e q u e n t l y  consumed,
S c u p  h a d  a v e r y  d i v e r a e  d i e t ,  f e e d i n g  on a t  L e a s t  106 s p e c i e s  
( T a b l e  9 ) .  Moet  o f  t h e s e  w ere  r a r e  in  stomach c o n t e n t s ,  b u t  t h e r e  
w e r e  n a n y  s p e c i e *  o f  i m p o r t a n t  food i tem*,
W i t h i n  t h e  Am phipoda ,  _E. r u b r i c o r n i s  was t h e  most  i m p o r t a n t  
s p e c i e *  ( T a b l e  9 ) .  i r r o r a t a  was second i n  i m p o r t a n c e  f o l l o w e d  by
g a u d i c h a u d i i , A, a s a a a i a i , t h e  moBt ab u n d an t  a n p e l i t c i d  i n  t h e  
d i e t ,  w as  f o u r t h  i n  i m p o r t a n c e ,  f o l l o w e d  by A. v a d o r u m , P .  h o i b o l 1 i , 
a n d  B. l e r c a t i . O t h e r  (21 + ) s p e c i e *  o f  amphipoda w ere  e a t e n  o n l y  
occ  a* i o n a 1 l y .
C h o n e  i n f u n d i b u l  i f o n s i a  d o m in a te d  th e  p o l y c h a e t e *  in  t h e  d i e t  o f  
s c u p .  S e v e r a l  o t h e r  s p e c i e s  were q u i t e  i m p o r t a n t ,  i n c l u d i n g  H i c o l e a  
v e n u s t u l a , C L y c e r a  d i b r a n c h i a t a , Clymenura s p .  A, F h y l l o d o c e  a p p - , and  
A glaophamuB c i r c i n s t a . The r e m a i n i n g  (36+) s p e c i e s  were o f  l e s s e r  
i m p o r t a n c e ,  a n d  s e v e r a l  w e re  r e p r e s e n t e d  by o n ly  o n e  sp ec im en .
A g a i n ,  a s  i n  o t h e r  f i s h e s ,  i r r o r a t u s  was an  i m p o r t a n t  d e c a p o d  
i n  t h e  d i e t .  I) . l e p t o c e r u s  was a l s o  o c c a s i o n a l l y  consumed.  L a rg e  
n u m b e rs  o f  c o p e p o d s ,  e s p e c i a l l y  C e n t r o p a g e s  t y p i c u s , were f r e q u e n t l y  
c o n s t n e d  b u t ,  d u e  t o  t h e i r  s m a l l  s i r e ,  were r e l a t i v e l y  u n i m p o r t a n t  i n  
t h e  d i e t -  G a s t r o p o d s  i n  t h e  d i e t  were main ly  M i t r e  1 la  s p p ,  and t h e
F i g u r e  32, P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  num ber ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  end  i n d e x  o f  r e l a t i v e  I m p o r t a n c e  (1 R I )  o f  
h i g h e r  ta xonom ic  g r o u p s  of  food In  t h e  d i e t  o f  S t e n c t o n u s  
chrysopH i n  th e  f a l l .
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f a b l *  9
S t a a o t c m i a  c h r y i Q H  ■ P a r c a n t  f r a q u t n c y  o c c u r r a n c a  ( F ) , 
p a r c a n t  m * b * t  ( n ) ( p a r c a n t  v o l u n *  (V ) a n d  i n d a x  o f  
r a l a t l v a  l o p o r t a n c a  ( I R I )  o f  f o o d  L ta n a  I n  s t o m a c h *  
f r o m  f a l l  a a m p l a * .
T a x o n
F o o d  X t a a S IR I
G m l d a r l a  
A a t h o a o a  
t f n l d a n t i f l a d 1.31 19 , 18
t f a m a t o d a
U n l d a n t i f l a d
A n n a l i d a
P o l y c h a a t a
.7 5 ,00 <1
A g h r o d l t a  a p p . . 3 8 . 0 1 - 4 3 < 1
A . h a a g a t a -7 5 , 0 4 . 64 1
H a r a o t h o *  a x t a n u a t a - 38 . 0 1 . 0 1 < 1
S t h a n a l a l *  l l m l c o l a 2 . 6 4 . 1 0 - 77 2
F h y l l a d o c i d a a  a p p . . 3 8 . 0 1 - 0 1 c l
P a r a a a l t l s  a p a c l o s a , 7 5 . 0 2 . 0 2 c l
F h y l l o d o c a  a p p . 1 - 5 1 . 2 5 . 2 7 1
? ,  m u c o s a . 3 8 . 0 1 . 0 3 <1
P .  g r o o m l a a d t c a 1 2 . 8 3 L. 19 l . o a 29
E u l a l i a  b l l i n a a t a . 7 5 , 0 2 . 0 9 <1
S y l l i a  s p . . 3 8 . 0 1 , 0 1 < 1
H a r l a  B f a y l 3 - 0 2 - 1 2 . 1 4 1
N . z o n a t a .3 8 . 0 1 , 0 4 < 1
N , r l l a a l . 3 8 - 0 1 , 0 4 < 1
N a p h  c y l d a a -3 8 , 0 1 . 0 1 < 1
A a l a o o h a m u *  c l r c l n a t a 8 . 3 0 . 4 5 3 . 0 1 2 9
G l y c a r a  a p p . 1 , 1 3 - 0 4 - 1 9 1
G. d l b r a n c h l a t a 6 . 7 9 - 2 1 4 - 8 5 34
G. r o b u s t * - 3 8 . 0 1 , 2 6 <1
G o n l a d a  n o r v a a l c a -7 5 . 0 4 . 6 1 <1
S c a l i b r s z m a  l n f l a t u m 4 , 9 1 - 1 5 1 , 3 1 7
O o h a l i n a -  a p p . 4 . 1 5 , 2 5 . 8 5 5
M a l d a n l d a a 1 - 5 1 . 0 7 - 1 9 <1
C l y n a u a l l a  t o r q u a t a 1 , 1 3 , 0 6 , 13 <1
E u c l v n a n a  c o l l a t l a 6 . 0 4 . 4 6 . 28 4
C l v a a n u r a  s p . A 
A r x c i d a a  n a o a u a c l a
1 2 . 8 3
1 . 8 9
. 76  
, 0 7
1 - 8 9
. 0 4
34
c l
S p l o  a p p . -7 5 . 0 2 . 0 7 < 1
O n u p h l a  p a l l l d u l a 3. 77 1 . 3 2 2 .  37 14
H a r p h y a a  a p p  . 2 . 2 6 .1 0 1 . 6 1 4
M a r p h y a *  b a l l i i . 3 8 . 0 1 - 0 1 1
L v m b r l n a r l d a * . 3 8 . 0 1 - 0 1 <1
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Tab 1* %
Taxon
Food I t t a _______________
luabrlnariB  app.
L. f r a a i l i a
L.
U  i l b l d w t a t *
Hlao* a l i r l p t *  
D rllonaraia  app*
D. lonfla 
D- nmana 
C lrratu lida*
Tharyx app.
T. acntua 
Owanildaa 
MaiInna c r ia t a ta  
Awpharata a r c t lc a  
Taraballldaa  
P la ta  naculata  
H lcolaa vam Ktula  
Taraballldaa atroami 
Pfaaruaa n f f ln la  
P. pluaoaa 
Snballidaa
F a ta n il la  ranlfonala  
Chona ln fpnd lballfonoaa  
U nldantiflad  
Total Polychaata
Holluaca 
Scaphopoda 
U nldantiflad
Gaatropoda 
M ltra lia  app.
Haaaariua t r iv i t t a t n a  
Plaurobranchaaa tarda 
U nldantiflad  
Total Gaatropoda
Palacypoda 
Placonactan iaaftallanlcua 
U nldantiflad  
Total Palacypoda
F N V IRI
13.20 .78 .92 21
3 .0 2 .10 .48 2
1 .1 3 .0 4 .03 <1
2 .6 4 .17 .32 1
2.26 .08 .61 2
3 .0 2 .1 0 .17 1
.38 .0 1 .03 <1
3 .0 2 .1 3 ,67 2
.75 .07 .09 <1
1.51 .05 .23 <1
7.92 .87 .49 11
.38 .01 .02 <1
1,13 .04 .15 <1
6 .4 1 .32 .52 5
.75 .02 ,30 <1
.38 .0 1 .69 <1
15.85 2.43 2.27 74
3.77 .19 .43 2
2 .2 6 .08 * .84 2
.75 .02 .26 <1
1 .5 1 .06 1.43 2
1 .8 9 ,06 .20 <1
22.64 5.28 13.46 425
37.36 1.65 14.11 589
75.09 18.43 60-41 5920
.38 .01 ,04 <1
6.42 1.00 .69 11
.38 ,01 .00 <1
6.42 .40 1.35 11
1.51 .05 .10 <1
11.70 1.46 2.14 42
.38 .01 .74 <1
.38 . 01 .09 <1
.75 .02 .az 1
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Tabl* 4,
t a n n )
Food lea n
Cephalopoda 
U n ld a n tif la d  
T ota l Molluaca
C n a c « « i  
Copapoda 
Eucalanua ip p .  
Hatmocalanue minor 
Tanora lo n p ic o r n ia  
Centropage* typictia  
Xanthocalanua app. 
Unldau t i  £lad  
T ota l Copapoda
C U H C M  
Eudoralla h lep ld a  
P laa tT lla  app,
J). acu lp ta  
J). biaplnoaa  
U n ld a n tif lad  
T ota l Ctnacaa
Tanaldacaa  
Tanalaaua l i l l j a b o t g l
laopoda  
Edota* acuta  
t r i lo b a  
F tila n th u ra  t r i c a r ln a  
G irolane p o l l t a  
T ota l taopoda
Amphlpoda
Anpallaclda*
Anpallaca app*
A- vadorun 
Jl, mgaaaial  
B rblla  aarra ta  
Aoridaa
Laptochalrua p inaula  
Aralaaa hamatlpaa
f ^ n m p l i l t i a  a p p .
C- c ra a a lco m a  
Krlchthonlua app.
E . r u b r l c o m l a
F M V I HI
. 75 .02 ,10 <1
13.21 1-52
+
3.10 61
-3B ,01 .00 <1
-73 .02 .01 <1
.38 ,01 .00 <1
15.85 8.25 .41 137
.38 -01 .00 <1
.38 .02 .00 <1
16-23 8.32 .42 142
.38 .01 ,00 <1
1.99 .14 .17 1
.38 .01 .01 <1
4,91 .31 .34 3
3-40 .20 .24 2
10,19 .68 .76 15
.39 .01 .00 <1
.38 .01 .04 <1
.38 .02 .04 <1
4.53 .26 .08 2
1 .51 ,05 .25 <1
6.79 . 34 ,42 5
.75 .02 .04 <1
3.66 .44 .21 4
20.00 1. 99 .87 55
25 .28 4.17 1.63 147
19.49 1.07 .50 29
.38 ,01 .00 c l
3-40 -12 .09 I
1 .51 .05 .02 <1
,75 .04 .04 <1
.38 .02 .01 <1
. 75 .08 .03 <1
61.13 2 5 .a i 5.44 1910
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Tabl* 9,
Tamra
Food  I f c n
U n cia ls  lr r o ra ta
Siphorio«c*t*a anith ianua  
Rachotropls I n f la ta  
C a - a m a  app.
M ailta dantata  
Caaco b lga low i  
F eg tohauatPtlu* w ig la y i  
Photia app*
_P. dantata  
aacrocoxa  
Todocaropala a lc id a  
Aaopyr a a t i l  
Malphldlppldaa 
tfonoculodaa app.
H. edwardal 
Phoxdeaphalldaa 
Phoxocaphalua h o lb o l l i
TrlchophPxua~~aplstPtnu 
B arplaia  prop Incut  
R. tru ncata
~Stanoplanataa g r a c i l i a  
l m r a l a  
Uyparllda*
Parsthamlato aaudlchaudl 
Capra11Ida*
A tgin lna  long l c  ora l a 
U n ld an tlf iad  
T otal Aaphlpoda
E up ha u s la  ca a 
Euphauslidaa
Daeapoda 
PIchalopandalua laptoearns  
Crangoo a t  pt t u p  inoaa 
A tlas  aarrata  
Pagurus app.
Cancar app.
C. b o r a a l l i  
C.  irroratu a  
U n ld an tlf iad  
T otal Dacapoda
U n ld an tlf iad  Crustacea  
Total Crustacea
T M V IRI
44.33 6.49 3.69 452
3.02 .10 .05 <1
.39 ,01 .01
.39 . .01 .01 <1
1,89 ,14 .05 <1
.75 .02 .13 <1
.39 .01 .00 <1
.75 ,02 .01 <1
1.51 .07 .03 <1
.36 .01 ,  0D <1
.75 .02 .02 <1
.38 .01 .02 <1
.38 .01 .03 <1
.38 .01 .01 <1
,75 .02 .03 <1
.38 ,01 .00 <1
21.51 1.39 ,49 41
4.15 .19 .05 1
5.29 .39 ,41 4
.38 .02 .01 <1
■ 38 ,01 .00 <1
3.40 .13 .01 <1
.75 .05 .01 <1
9.81 24,72 ,94 252
.38 .01 .02 <1
7.17 . 31 .37 5
11.32 .69 .29 11
79.82 68.63 15,53 6701
,38 .01 ,00 <1
2.64 .13 3.05 8
,75 .02 .35 <1
.75 .02 .03 <1
.75 .02 1.04 1
3.02 .12 .74 3
2.26 .09 .46 1
10,19 .42 5.53 61
1.39 .06 .57 1
20.38 .89 11.79 258
7,92 .39 4,70 40
86. 79 79.27 33,61 9797
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T able 9,
Taxon
Pood Item
P r la p u lld a
F t la p u lu s  caudate
E ctop rocta
U n ld a n tlf ia d
Echlnodarmeta 
A ateroldca  
A a t tc lM  vulftaria  
U n ld a n tlf ia d  
T o ta l  A*taroidea
EchinaIdea  
Echlnarachhiu* parma
Ophluroldaa  
Anphloplue n a c l la n tu *
Axlognmthif sguanata  
U n ld en tIf1■d 
T ota l Ophluroldaa 
T ota l Echlnodarnata
Chordata
A a c id a a c a a
U n ld an tlf iad
P la c es
T a la o s t a i
Urophyc.la chusa 
Goblldae app. iarvaa  
T o ta l  P la c es
T o ta l  number o f  stomachs examined: 
Number o f  examined stomach* w ith  food:
P__________ N__________ V_________ IRI
.75 .02  .5 3  <1
.38  .01  .0 0  <1
.30 .0 1  ,01 <1
,38 .02  .00 <1
.75 .0 4  ,01 <1
4 .53  .15  .52 3
1 .13  .0 8  .22  <1
2 .64  .11  .06  <1
. 3 8  . 0 1  . 0 0  <1
4 .15  .2 0  .29 2
9 .06  .39  .8 2  11
.38  .01 .05 <1
1.51 .05 .74 1
,75 .02 .56 <1
.38 .04 .00  <1
2.64 .11  1 .3 0  4
563
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s h e l l - l e a s  o p i a t h o b r a n c h ,  P 1c u r o b r a n c h a e a  t a r d a . J>, b i s p i n o a a  was t h e  
moat  a b u n d a n t  cm nac«*n  i n  t h e  d i e t .
The  fo o d  h a b i t a  o f  s c u p  c h a n g e d  w i t h  i n c r e a s i n g  f l a b  s i t e  ( F i g .  
3 3 ) .  Amphipods  d e c r e a s e d  i n  i m p o r t a n c e  i n  l a r g e r  f i s h ,  and 
g a m n a r i d e a n s  i n c r e a s e d  i n  i m p o r t a n c e  r e l a t i v e  t o  h y p e r i d e a n s ,  
P o l y c h a e t e H ,  e s p e c i a l l y  t h e  l a r g e r  C^ . i n f u n d i b u l i  f o r a i s , i n c r e a s e d  i n  
i m p o r t a n c e  and became t h e  mos t  i m p o r t a n t  Food i n  t h e  l a r g e s t  f i s h e s .  
Copepods  were  i m p o r t a n t  o n l y  i n  t h e  d i e t  o f  smaLl s c u p ,  and d e c a p o d s  
w e re  s l i g h t l y  i m p o r t a n t  f o r  a l l  s i z e  c I b b h b s . The s m a l l e s t  s c u p  a t e  
l a r g e  n u n b e r s  o f  s m a l l  p r e y ,  m a i n l y  am phipods  and c o p e p o d s  ( F i g .  3 4 ) .  
By 1 0 1 -1 5 0  mm, s c u p  fed  on  f e w e r  l a r g e r  i t e m s ,  Me an volume p e r  p r e y  
i t e m  r e m a in e d  r e l a t i v e l y  c o n s t a n t  f o r  l a r g e r  f i s h ,  and s c u p  o f  t h i s  
s i z e  a g a i n  f e d  on  i n c r e a s i n g  num bers  o f  food  i t e m s ,  t h u s  i n c r e a s i n g  
t h e  t o t a l  vo lum e  o f  food c o n s u m e d .
T h e r e  was  a m arked  p e r i o d i c i t y  i n  th e  f a l l  f e e d i n g  c h r o n o l o g y  o f  
c h r y a o p a , a s  i s  e v i d e n t  i n  a p l o t  o f  th e  p e r c e n t  o f  f u l l  s t o m a c h s  
as  a f u n c t i o n  o f  t i m e  o f  day  ( F i g .  3 5 ) .  U n f o r t u n a t e l y ,  t h i a  p a t t e r n  
c o u l d  n u t  be v e r i f i e d  f o r  o t h e r  s e a s o n s .  The p e r c e n t a g e  o f  s t o m a c h s  
w i t h  food i n c r e a s e d  from a r o u n d  s u n r i s e  t o  midday  t h e n  d e c r e a s e d  t o  a 
minimum a r o u n d  dawn. A p p a r e n t l y ,  s c u p  a r e  p r e d o m i n a n t l y  d a y t i m e  
v i s u a l  f e e d e r s  t h a t  may o p p o r t u n i s t i c a l l y  f e e d  a t  n i g h t .
The mos t  i m p o r t a n t  b e n t h i c  p r e y  s p e c i e s ,  E. r u b r i c o r n i s , was 
g e n e r a l l y  s t r o n g l y  s e l e c t e d  f o r  i n  t h e  d i e t  ( F i g .  36) o f  t h e  s c u p ,  
R e l a t i v e  a b u n d a n c e  i n  t h e  b e n t h o s  and in s to m a c h s  f l o c u a t e d  g r e a t l y ,
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F i g u r e  33.  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  number, p e r c e n t  volume 
d i s p l a c e m e n t ,  and i n d e x  o f  r e l a t i v e  Impor tance o f  h i g h e r  
t a x o n o m ic  g ro u p s  of  food  i n  t h e  d i e t  of S teno tomus  c h r y s o p s , 
by  s i z e  i n t e r v a l s .
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F i g u r e  3 4 ,  The r e l a t i o n s h i p  b e tw ee n  s i z e  o f  S teno tom t ia  c h r y s o p a  and  
volume o f  f o o d  consumed {b ro k en  l i n e ) ,  mean p r e y  vo lum e  
f a o l i d  l i n e ) ,  a n d  p r e y  number  p e r  s to m a ch  ( d a s h e d  l i n e ) .
MEAN VOLUME/ 
PREY ITEM (ML)
MEAN VOLUME OF 
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F i g u r e  35,  F e e d i n g  c h r o n o l o g y  In  S t e n o to m u s  c l i ryBops .
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F i g u r e  3 6 .  R e l a t i v e  a b u n d a n c e  i n  Steno.toinma chrVBPpa s to m a ch s  (d a s h e d  
l i n e )  and g r a b  s a m p l e s  ( s o l i d  l i n e ) ,  and e l e c t i v i t y  o f  
i m p o r t a n t  p r e y  s p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
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b u t  r e l a t i v e  a b u n d a n c e  i n  t h e  s to m a c h *  g r e a t l y  e x c e e d e d  t h a t  o f  t h e  
b e n t h o s .  An e x c e p t i o n  t o  t h i s  was s e e n  i n  s t r a t u m  1 i n  a r e a  B, t h e  
t e r r a c e  h a b i t a t .  Scup  c a p t u r e d  i n  t h i s  a t r a t u n  w e re  g e n e r a l l y  s m a l l e r  
i n d i v i d u a l s  and had  b e e n  f e e d i n g  h e a v i l y  on  p e l a g i c  h y p e r i i d  am phipods  
and cop ep o d s  ( c o m p r i s i n g  7 5 . 3  a n d  2 3 , 2% o f  p r e y  i n d i v i d u a l s ,  
r e s p e c t i v e l y ) .  As a  r e s u l t , a l l  b e n t h i c  i n v e r t e b r a t e s  had  n e g a t i v e  
e l e c t i v i t y  v a l u e s  i n  s t r a t u m  B l .  H y p e r i i d s  were  a l s o  p o s i t i v e l y  
s e l e c t e d  f o r  i n  a l l  s t r a t a  e x c e p t  B5 and E l .  Copepods  were n e v e r  
c a p t u r e d  by t h e  g r a b ,  and  e l e c t i v i t y  was t h u s  p o s i t i v e  o r  n e u t r a l .
P r e d a t i o n  o n  £ .  i r c o r a t a  among t h e  s t r a t a  was s i m i l a r  t o  t h a t  on 
E.  r u b r i g o r n i s , b u t  e l e c t i v i t y  v a l u e s  f o r  t h i s  s p e c i e s  were  g e n e r a l l y  
l o w e r  ( F i g .  3 6 ) .  In  b o t h  s p e c i e s ,  t r e n d s  i n  ab u n d an c e  i n  scup  
s to m a c h s  d id  n o t  f o l l o w  r e l a t i v e  a b u n d a n c e  i n  t h e  b e n t h o s ,  b u t  
s e l e c t i o n  was g e n e r a l l y  p o s i t i v e .
The l a r g e  s a b e l l i d  p o l y c h a e t e  £ ,  i n  f u n d i b u l  iLf o r m i s  was  found in  
low a b u n d a n c e  i n  a r e a  B bu t  was p o s i t i v e l y  s e l e c t e d  f o r  on san d  f l a n k s  
and s h a l l o w  s w a l e s .  In  a r e a  E,  h o w e v e r ,  t h i s  p o l y c h a e t e  was  v e r y  
a b u n d a n t  i n  s w a l e s  and  on t h e  s h e l f  b r e a k  ( s t r a t a  3 and 5) and was 
h ig h  i n  r e l a t i v e  a b u n d a n c e  i n  t h e  d i e t ,  b u t  l e a s  so t h a n  i n  t h e  
b e n t h o s .  Scup c a p t u r e d  a t  t h e  s h e l f  b r e a k  ( s t r a t u m  E -5 )  were  
s i g n i f i c a n t l y  l a r g e r  t h a n  t h o s e  f rom o t h e r  s t r a t a  a t  t h i s  may a c c o u n t  
f o r  t h e  h i g h e r  c o n s u m p t i o n  o f  l a r g e  p o l y c h a e t e s  i n  t h i s  s t r a t u m .
U n l i k e  o t h e r  f i s h e s ,  S^ . c h r y s o p s  g e n e r a l l y  fed  h e a v i l y  on  A. 
a g a e s i z i , u s u a l l y  i n  p r o p o r t i o n  t o  i t s  r e l a t i v e  a b u n d a n c e .  Because
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t h i s  Ad p h i  pod was v e r y  a b u n d a n t  i n  some s t r a t a ,  e l e c t i v i t y  v a l u e *  
f l u c t u a t e d  be tw e n  s t r o n g  p o s i t i v e  and s t r o n g  n e g a t i v e  s e l e c t i o n .
O t h e r  i m p o r t a n t  a a p h i p o d s  s u c h  a s  A. v ad o r  m i , and £ .  h a l b o l l  i , w e re  
o n l y  o c c a s i o n a l l y  p r e y e d  upon  h e a v i l y  i n  some s t r a t a .  R e l a t i v e  
a b u n d a n c e  o f  t h e s e  am phipods  ( a n d  s e c r a t a ) i n  scup i t o n a c h s  was 
g e n e r a l l y  n o t  r e l a t e d  t o  r e l a t i v e  abundance  i n  t h e  benthos and h e n c e  
e l e c t i v i t y  v a l u e s  f l u c t u a t e d  m a rk e d l y .
The p o l y c h a e t e s  H i c o l e a  v e n u s t u l a  and G ly c e r a  d i b r a n c h i a t  a ( n o t  
i n c l u d e d  i n  F i g .  36)  were  i m p o r t a n t  i n  t h e  d i e t  o f  scup but  w e re  low 
i n  r e l a t i v e  a b u n d a n c e  in  t h e  b e n t h o s .  N, v e n u s t u l a  was consumed in  
h i g h  numbers  i n  some s t r a t a  and av o id e d  i n  o t h e r s  and e l e c t i v i t y  
v a l u e s  r e f l e c t  t h i s .  G. d i b r a n c h i a t a  waa e a t e n  in low t im b e r s  i n  most
s t r a t a  i n  a r e *  B a n d  was g e n e r a l l y  n o t  e a t e n  in  a r e a  E.
The o n l y  i m p o r t a n t  d e c a p o d  i n  t h e  d i e t  of  scup,  C. i r r o r a t u a , 
w as  o n ly  o c c a s i o n a l l y  consumed i n  h ig h  num bers .  Whereas most o t h e r  
p r e d a t o r s  on  t h i s  s p e c i e s  f e d  h e a v i l y  upon i t  and showed c o n s i s t e n t l y  
s t r o n g  p o s i t i v e  s e l e c t i o n ,  s c u p  f e d  h e a v i l y  on  t h i s  s p e c i e s  i n  a few 
s t r a t a  o n l y .  Scup  a p p e a r e d  t o  avo id  l a r g e  decapods  , but fed on  £ .
i r r o r a t  u s  i n  c e r t a i n  s t r a t a  p o s s i b l y  due t o  t h e  s i r e  d i s t r i b u t i o n  of
t h i s  c r a b  i n  t h e s e  s t r a t a .
C i t h a r i c h t h y s  a r c  t i f r o n s
The G u l f  S t r u m  f l o u n d e r  was a b u n d a n t  a t  a l l  t imes  of t h e  y e a r ,  
e s p e c i a l l y  s t u m e r  (T a b l e  1 ) .  The food h a b i t s  of  t h i s  small f l o u n d e r  
v a r i e d  c o n s i d e r a b l y  s e a s o n a l l y .  Among th e  h i g h e r  taxa  of  food i t e m s ,
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a A p h i p a d s  w e r e  t h e  n o  a t  i m p o r t a n t  g r o u p  i n  f a l l ,  w i n t e r ,  and s u m n e r  
( F i g .  3 7 ) ,  P o l y c h a e t e s  p r e c e d e d  a n p h i p o d a  i n  r e l a t i v e  i m p o r t a n c e  i n  
t h e  s p r i n g  and w e r e  s e c o n d  i n  i m p o r t a n c e  a t  o t h e r  s e a s o n s .  C ope  pods 
w ere  r e l a t i v e l y  i m p o r t a n t  o n l y  i n  t h e  t a l l ,  w h i l e  cu m acean a  w e re  
i m p o r t a n t  i n  w i n t e r  and  s p r i n g .  S e v e r a l  o t h e r  g r o u p s  w e re  i m p o r t a n t  
s e a s o n a l l y ,  L a r v a c e a n s  w e r e  v e r y  i m p o r t a n t  i n  t h e  d i e t  o f  s p r i n g  
f i s h e s .  F i s h e s  w e r e  v e r y  i m p o r t a n t  i n  sunn ie r ,  and o e t r a c o d s ,  o f  minor  
i m p o r t a n c e ,  were consum ed  o n l y  i n  t h e  f a l l .
U. i r r o r a t a  w as  t h e  m os t  i m p o r t a n t  s p e c i e s  o f  amphipod consumed 
d u r i n g  t h e  f a l l ,  w i n t e r ,  a n d  s p r i n g ,  but  was  s l i g h t l y  e x c e e d e d  i n  
i m p o r t a n c e  by E. r u b r i c o r t i i s  i n  t h e  suam er  ( T a b l s  1 0 ) ,  £ .  r u b r i c o r n i s
was s e c o n d  i n  i m p o r t a n c e  i n  w i n t e r  a n d  s p r i n g  b u t  t h i r d  in  f a l l ,  
A m p e l i s c i d  m nph ipods  w e re  i m p o r t a n t  y e a r - r o u n d ,  b u t  £ .  s e r r a t e  
d o m i n a t e d  i n  t h e  f a l l  and  s p r i n g ,  w h e r e a s  A. vadorum d o m i n a t e d  i n  
w i n t e r  and i m n e r .  Hy p e r i  id  s m p h i p o d s ,  p r i m a r i l y  £ .  g a u d i c h a u d i i , 
were  i m p o r t a n t  i n  f a l l  and  summer.
C. i n  f u n d i b u  1 i  form j s  was t h e  m o s t  i m p o r t a n t  p o l y c h a e t e  cons ianed  
i n  t h e  s p r i n g  and summer.  The m a l d a n i d  C Lymnenura s p .  A was i m p o r t a n t  
d u r i n g  a l l  s e a s o n s ,  B t h e n e 1a i s  j i m i c o i a  and Afil aophamua c i r c i n a t a  
were  i m p o r t a n t  i n  s p r i n g  and summer,  and Amph a r e  t e a r e t  i c  a was 
consumed  p r i m a r i l y  i n  w i n t e r  and  s p r i n g .  S e v e r a l  o t h e r  p o l y c h a e t e s  
were  a l s o  c o n s u m e d .
L a r v a c e a n s  and o s t r a c o d s ,  w h i c h  were s e a s o n a l l y  i m p o r t a n t ,  c o u l d  
n o t  be  i d e n t i f i e d  d u e  t o  t h e i r  p o o r  c o n d i t i o n  i n  f i s h  s t o m a c h s .
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F i g u r e  3 7 .  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  number,  p e r c e n t  vo lum e  
d i s p l a c e m e n t ,  and  I n d e x  o f  r e l a t i v e  I m p o r t a n c e  fTRl)  o f  
h i g h e r  t a x o n o m i c  g r o u p s  o f  fo o d  In  t h e  d i e t  o f  C i t h a r l c h t h y f l  
a r c t l f r o r t B ,  by s e a s o n a l  c r u i s e .
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J u v e n i l e  H. b i l i n e a r i *  w e r e  i m p o r t a n t  i n  t h e  d i e t  on ly  i n  ■ (miner,  when 
a b u n d a n t .  D e c a p o d s  w ere  a l s o  i m p o r t a n t  o n l y  i n  summer end c o n  e l a t e d  
m a i n l y  of  p o a t l a r v a l  end j u v e n i l e  s h r i m p * ,  £ ,  l e p t o c e r u a  e n d  
s e p t e m s p i n o s a .
Amphipods w ere  t h e  no a t  i m p o r t a n t  p r e y  i t e m  f o r  a l l  s i z e  c L a s s e s  
o f  £ .  a r c t  i f r o n a  (F ig *  3 8 ) .  P o l y c h a e t e *  i n c r e a s e d  in  i m p o r t a n c e  in  
t h e  d i e t  o f  l a r g e r  f i a h e a ,  a n d  made up t h e  g r e a t e s t  volume o f  p r e y  in  
t h e  l a r g e s t  a i e e  c l a s s .  C o p e p o d s  w ere  i m p o r t a n t  f o r  s m a l l e r  f i s h ,  
w h e r e a s  l a r g e r  f i a h  c o n s t n e d  m o re  c u m a c e a n s .  S m a l l  f i s h e s  w e r e  
consum ed  by i n t e r m e d i a t e  s i z e d  £ .  a r c t i  f c o n s .
£ ,  a r c t  i f r o n a  d e m o n s t r a t e d  a  more  g r a d u a l  c h a n g e  in  f e e d i n g  
h a b i t s  w i th  s i z e  ( F i g .  3 9 ) .  A v e r a g e  s to m a c h  v o lu m e  i n c r e a s e d  a l m o s t  
l i n e a r l y  w i t h  i n c r e a s i n g  f i s h  l e n g t h .  A l s o ,  b o t h  t h e  mean p r e y  t i m b e r  
p e r  s tomach  a n d  mean volume p e r  p r e y  i t e m  i n c r e a s e d  L i n e a r l y .  C^ . 
a r c t  i f  ron* d i f f e r e d  from o t h e r  f i s h e s  i n  t h i s  s t u d y  in  t h a t  t h e r e  was 
n o  sudden d e c r e a s e  in  t h e  n ianber  o f  p r e y  p e r  s t o m a c h  w i th  a 
c o r r e s p o n d i n g  l a r g e  i n c r e a s e  i n  a v e r a g e  p r e y  s i r e .  Th i s  may b e  
r e l a t e d  to  t h e  s m a l l  s i z e  o f  £ ,  a r c t i f r o n s  and t h e  f a c t  t h a t  i t  i s  n o t  
a b l e  to  f e e d  o n  t h e  l a r g e  p r e y  i t e m s .  SmalL am p h ip o d s  r e m a i n  t h e  most  
i m p o r t a n t  f o o d  f o r  a l l  s i z e  c l a s s e s  o f  C, a r c t  i f r o m .
No c l e a r  p a t t e r n  was e v i d e n t  i n  p e r c e n t  o f  s to m a ch s  w i t h  fo o d  
v e r s u s  t im e  o f  d a y  ( F i g .  4 0 ) .  D a t a  from s p r i n g  a n d  summer i n d i c a t e  a 
c o n t i n u o u s  d i a l  f e e d i n g  i n t e n s i t y  f o r  £ .  a r c t i f r o n s „ h u t  no c l e a r
10B
F i g u r e  38, P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  num ber ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  and  I n d e x  o f  r e l a t i v e  I m p o r t a n c e  o f  h i g h e r  
t a x o n o m i c  g r o u p s  o f  Food In  d i e t  o f  C l t h a r i c h t h y a  a r c t i f r o n s , 
by s i z e  I n t e r v a l s ,
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F i g u r e  39. The r e l a t i o n s h i p  b e tw ee n  s i z e  o f  C l t h a r l c h t h y s  a r c t i f r o n s
and volume o f food con Bunted (broken l i n e )  f mean p r e y  volume 
( s o l id  l i n e ) ,  and p r e y  number p e r  stomach (d a s h e d  l i n e ) .
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F i g u r e  AO, F e e d i n g  c h r o n o l o g y  i n  C l t h f l r i c h t h y s  a r c t i f r o n s .
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t r e n d  was je f l t i  i n  f e l l  and w i n t e r  s a m p l e s .  a r c t i  f r o n a  d o e s  n o t  f i t
d e  G r o o t a  ( 1 9 7 1 )  d e s c r i p t i o n  o f  t h e  t y p i c a l  d a y t i m e  f e e d i n g  b o t h i d .
C. a r c t i f r o n s  w i t h  f u l l  s t o m a c h s  were  a b u n d a n t  i n  o n ly  a few 
s t r a t a  on t h e  f a l l  c r u i s e .  O n ly  one o r  two s t o m a c h s  C o n ta in in g ,  food  
w a re  found  i n  some s t r a t a ,  a n d  e l e c t i v i t y  a n a l y s i s  was n o t  p e r f o r m e d  
f o r  t h e s e  s t r a t a .  C o m p a r i s o n  o f  s tom a ch  c o n t e n t s  o f  t h e s e  f i s h e s  w i t h  
b e n t h i c  i n v e r t b r a t e s  i s  t h u s  l i m i t e d  ( F i g .  ^ 1 ) *
U_, i r r o r a t a  was consumed in h i g h  n u m b e rs  i n  a l l  s t r a t a  and had  a
c o n s i s t e n t l y  h ig h  e l e c t i v i t y  v a l u e .  JJ. s e r r a t e , JS. r u b r  i c o r n i s , and
A_. v a do  rum were  m o d e r a t e l y  s e l e c t e d  f o r  i n  a r e a  B. O s t r a c o d s ,  
h o w e v e r ,  w e re  r e l a t i v e l y  a b u n d a n t  i n  t h e  d i e t  i n  a r e a  E.  J .  e p i s t o m u s  
was o n l y  consumed i n  t h e  r i d g e  and  mediiaD s a n d  f l a n k  s t r a t a  of  a r e a  3 ,  
i n  s p i t e  of  i t s  h i g h  r e l a t i v e  a b u n d a n c e  i n  o t h e r  s t r a t a .  C lymenura 
s p .  A was i m p o r t a n t  i n  t h e  d i e t  o n ly  Ln a r e a  B. H y p e r i i d  am phipods  
and  c a l a n o i d  co p ep o d s *  w hich  w e re  v e r y  low i n  a b u n d a n c e  o r  a b s e n t  f rom 
g r a b  sam ples*  were v e r y  a b u n d a n t  i n  t h e  d i e t  o f  f i s h  i n  a r e a  E, 
a c c o u n t i n g  f o r  t h e  low r e l a t i v e  a b u n d a n c e  o f  b e n t h i c  i n v e r t e b r a t e s  in  
t h e s e  s t r a t a .  D i f f e r e n c e s  i n  food  h a b i t s  b e t w e e n  a r e a  B and E were 
s i z e  r e l a t e d .  L a rg e  s p e c i e s  o f  food i t e m s  w e re  more  i m p o r t a n t  i n  t h e  
d i e t  o f  f i s h e s  from a r e a  B. T h i s  r e f l e c t s  t h e  s i z e  d i s t r i b u t i o n  o f  
t h e s e  f i s h e s  w i t h  L a r g e r  f i s h  o c c u r r i n g  i n  a r e a  B ( x  l e n g t h  * 5 3 . 0  nun)
t h a n  i n  a r e a  E (it l e n g t h  ■ 2 7 . 0  mm).
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F i g u r e  4 1 ,  R e l a t i v e  a b u n d a n c e  i n  C l t h a r i c h t h y s  a r c t i f r o n s  s tom achs
( d a s h e d  l i n e )  and g r a b  s a m p l e s  ( s o l i d  l i n e ) ,  and e l e c t i v i t y  
o f  I m p o r t a n t  p r e y  s p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
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Hip p o g l  o b j  i  na o b l o n g a
F o u r s p o t  f l o u n d e r  w e re  c m u u n  i n  t h e  s t u d y  a r e a  o n  e l l  c r u i s e s  
( T a b l e  1 ) .  Decapods  were  t h e  mos t  i m p o r t a n t  h i g h e r  t a x o n  o f  p r e y  a t  e l l  
t i m e s  o f  t h e  y e a r  ( F i g .  4 2 ) .  Amphipods w e re  v e r y  i m p o r t a n t  i n  w i n t e r  
and s p r i n g ,  bu t  were  much l e s s  i m p o r t a n t  i n  f e l l  and t m m t ,  F i s h e s  
a p p a r e n t l y  r e p l a c e  am ph ipods  i n  t h e  d i e t  i n  f a l l  and s i n n e r .  T h i s  
s e a s o n a l  s h i f t  f rom a m p h ip o d s  t o  f i s h e s  r e f l e c t s  t h e  s e a s o n a l  a b u n d a n c e  
o f  s m a l l  f i s h e s  i n  t h e  s t u d y  a r e a  a n d  a l s o  s e a s o n a l  d i f f e r e n c e s  i n  t h e  
s i z e  c o m p o s i t i o n  o f  t h e  p r e d a t o r  p o p u l a t i o n .  11. o b l o n g a  c a p t u r e d  in  
w i n t e r  a n d  s p r i n g  w e re  s l i g h t l y  s m a l l e r  (x l e n g t h  “■ 196 and 180 mm 
r e s p e c t i v e l y )  t h a n  t h o s e  t a k e n  i n  f a l l  and Sumner ( a  l e n g t h  ■ 214 and 
221 im  r e s p e c t i v e l y )  and f e d  more o n  s m a l l e r  p r e y  i t e m s  such  a s  
a m p h ip o d s .  P o l y c h a e t e s  and  c e p h a l o p o d a  were  o f  m in o r  i m p o r t a n c e  in  
w i n t e r ,  s p r i n g ,  and aixamer. P o l y c h a e t e s  w e re  a b s e n t  i n  f i s h  s to m a c h s  in  
t h e  f a l l ,  b u t  c e p h a l o p o d a  were  q u i t e  i m p o r t a n t  a t  t h i s  t i m e .
Cl. i r r o r a t u s  v a a  t h e  m a s t  i m p o r t a n t  d e c a p o d  s p e c i e s  a t  a l l  t i m e s  
o f  t h e  y e a r  (T a b l e  1 1 ) .  J>. l e p t o c e r u a  was n e a r l y  a s  i m p o r t a n t  a s
i r r o c a t u s  i n  th e  s p r i n g ,  and was  s e c o n d  most  i m p o r t a n t  d e c a p o d  i n  f a l l  
and s u m m e r . Crangon se  pterns p i n o s a  was i m p o r t a n t  a t  a l l  t i m e s  o f  t h e  
y e a r  , Hund i a  i r i s  and C a t ice r  b o r e a l  i s  were  f r e q u e n t l y  co n su l t ed  i n  t h e  
w i n t e r ,
U.' i r r o r a t a  was  t h e  mos t  i m p o r t a n t  am p h i  pod i n  t h e  d i e t  d u r i n g  a l l  
s e a s o n s ,  13. n j b r i c o r n i e  was i m p o r t a n t  d u r i n g  a l l  s e a s o n s  e x c e p t  s immer ,  
A few o t h e r  am phipods  were  o c c a s i o n a l l y  c o n s i s t e d .
1 H
F i g u r e  U2.  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  and  I n d e x  o f  r e l a t i v e  I m p o r t a n c e  ( I R I )  of 
h i g h e r  t a x o n o m ic  g r o u p s  o f  food  i n  t h e  d i e t  of  HippofjloBHlna 
o b l o n R a ,  by s e a s o n a l  c r u i s e .
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H. b i l i n e w r i s  had  t h e  h i g h e s t  r e l a t i v e  i m p o r t a n c e  among F i s h e s  i n  
su lk ie r  when j u v e n i l e s  were a b u n d a n t  i n  t h e  a r e a .  M, b i  1 i n e a r i g  was a l s o
im p o r t a n t  in  f a l l  and  w i n t e r .  U, t h u i i  was  t h e  moa t  i m p o r t a n t  f i s h
consumed in  f a l l  and s p r i n g .
P o l y c h a e t e s  w ere  i m p o r t a n t  i n  t h e  d i e t  d u r i n g  w i n t e r  a n d  s p r i n g  
and C, i n f u n d i b u l i  Formis was t h e  moat  i m p o r t a n t  s p e c i e s  e a t e n .
S t h e n e l a i s  l i a i c o l a  was o c c a s i o n a l l y  c o n s i s t e d ,  and t h e  few r e m a i n i n g  
p o l y c h a e t e s  w ere  r a r e  in  t h e  d i e t .  C e p h a l o p o d a  were s e a s o n a l l y
i m p o r t a n t  in  t h e  d i E t  and c o n s i s t e d  m a i n l y  o f  l o l i g i n i d s  i n  t h e  f a l l  and
s p r i n g  and R a s e i q  s p p ,  d u r i n g  o t h e r  s e a s o n s .
Amphipods w e r e  t h e  m os t  i m p o r t a n t  f ood  f o r  s m a l l e r  f o u r  s p o t  
f l o u n d e r , a l t h o u g h  d e c a p o d s  made up t h e  b u lk  o f  t h e  vo lum e  o f  fo o d  f o r  
a l l  s i z e  c l a s s e s  ( F i g .  4 3 ) .  A mphipods  s t e a d i l y  d e c r e a s e d  in  r e l a t i v e  
abundance in  l a r g e r  f i s h e s ,  when d e c a p o d s  becom e t h e  m os t  a b u n d a n t  f o o d .  
F i s h e s ,  p o l y c h a e t e a  and c e p h a l o p o d a  w e r e  more  i m p o r t a n t  f o o d s  f o r  l a r g e r  
Jl, a b l o n g a .
He an p r e y  number  p e r  s to m a ch  r e m a i n e d  r e l a t i v e l y  c o n s t a n t  f o r  a l l  
s i t e  c l a s s e s  o f  J l.  a b l o u g a  ( F i g .  4 4 ) .  H ow e ve r ,  a s  l a r g e r  f i s h  s w i t c h e d  
t o  l a r g e r  p rey  i t e m s ,  mean t o t a l  vo lume o f  s t o m a c h  c o n t e n t s  i n c r e a s e d .
H. o b l o n g a  was  r a r e l y  c a p t u r e d  d u r i n g  d a y l i g h t  h o u r s ,  and h e n c e  
f e e d i n g  c h r o n o l o g y  p a t t e r n s  w ere  v a r i a b l e  ( F i g .  4 5 ) .  T h e i r  p o o r  
c a t c h a b i l i t y  d u r i n g  d a y l i g h t  h o u r s  i n d i c a t e s  v i s u a l  n e t  a v o i d a n c e  and 
d ay t im e  a c t i v i t y .  F a l l  s a m p l e s  i n d i c a t e  an i n c r e a s e d  number o f  f i s h e s  
w i th  food in  t h e i r  g u t s  d u r i n g  t h e  day , bu t  s a m p l e  s i z e s  f rom  o t h e r
118
F i g u r e  43.  P e r c e n t  f r e q u e n c y  o c c u r r e n c e ,  p e r c e n t  n u m b e r ,  p e r c e n t  volume 
d i s p l a c e m e n t ,  a n d  i n d e x  o f  r e l a t i v e  I m p o r t a n c e  o f  h i g h e r  
t a x o n o m i c  g r o u p s  o f  f ood  In  t h e  d i e t  o f  H l p p o g l o s a i n a  o b l o n g a , 
by  s i z e  i n t e r v a l s .
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F i g u r e  44 .  The r e l a t i o n s h i p  b e t w e e n  a i z e  o f  H i p p o g l o a s l n a  o b l o n g a  e n d  
volume o f  f o o d  consumed ( b r o k e n  l i n e ) ,  mean  p r e y  volume 
( s o l i d  l i n e ) ,  and  p r e y  number p e r  s t o m a c h  ( d a s h e d  l i n e ) .
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F i g u r e  4 5 .  F e e d i n g  c h r o n o l o g y  In  H l p p o g l o a a l n f l  o b l o n g a .
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s e a t o n a  were  t o o  s m a l l  t o  c o n f i r m  t h i s  p a t t e r n ,  De G r o a t  ( 1 9 6 9 ,  1 9 7 1 ) ,  
b a s e d  on h i s  s t u d y  o f  s e v e r a l  l a r g e  a p e c i . e s  o f  b o t h i d  f l o u n d e r s ,  
c o n t e n d e d  t h a t  t h e  b o t h i d s  a r e  m a in ly  d a y t i m e  v i s u a l  f e e d e r s .
H. o b l o n g a  fed  h e a v i l y  on  s p e c i e s  t h a t  were  r a r e  i n  g r a b  aam ple  a 
a s  c o n f i r m e d  by e l e c t i v i t y  p a t t e r n *  ( F i g ,  4 b ) ,  R e l a t i v e  a b u n d a n c e  o f  
t h e  d e c a p o d  C. i r r o r s t u s  i n  s to m a c h s  was a l w a y s  h i g h ,  r e s u l t i n g  i n  s  
h ig h  p o s i t i v e  e l e c t i v i t y  v a l u e  f o r  t h i s  S p e c i e s ,  O t h e r  d e c a p o d s  (JJ, 
l e p t o c e r u s  , C ra n g o n  s e p t e m a p i n o a a , and C a n c e r  b o r e a l  i s ) w e re  e a t e n  in  
h ig h  num bers  i n  some s t r a t a  b u t  were n o t  e a t e n  a t  a l l  i n  o t h e r  s t r a t a ,  
and t h i s  was r e f l e c t e d  i n  a h i g h l y  v a r i a b l e  e l e c t i v i t y  v a l u e  f o r  t h e s e  
s p e c i e s -  i r r c r a t a , t h e  must  i m p o r t a n t  amphipod  p r e y  was  m o d e r a t e l y
s e l e c t e d  f o r  or  a g a i n s t  i n  a r e a  B, but was  n o t  consumed  i n  a r e a  E, w h e re  
i t  was  r e l a t i v e l y  l e s s  a b u n d a n t -  jl ,  s e r r a t a  was  consumed  o n l y  i n  s t r a t a  
where  i t  was r e l a t i v e l y  a b u n d a n t .  E. pa rm a  was o c c a s i o n a l l y  consum ed ,  
b u t  n o t  i n  p r o p o r t i o n  t o  i t s  a b u n d an c e  i n  g r a b  s m p l e s .  O t h e r  i m p o r t a n t  
p r e y  s p e c i e s ,  such  as  f i s h e s  and c e p h a l o p o d a ,  were  n o t  t a k e n  by t h e  g r a b  
and e l e c t i v i t y  f o r  t h e s e  s p e c i e s  was a l w a y s  +■L o r  z e r o .
O v e r l a p  i n  D i e t
O v e r l a p  i n  d i e t  waa found t o  vary  s e a s o n a l l y  i n  c o n j u n c t i o n  w i t h  
c h a n g e s  i n  s p e c i e s  c o m p o s i t i o n  o f  th e  p r e d a t o r s  and c h a n g e s  i n  p r e d a t o r  
s i z e  c l a s s  c o m p o s i t i o n  ( F i g ,  4 7 ) .  b i  L i n e a r  i s  a n d  c h u a a  showed t h e
g r e a t e s t  s i m i l a r i t y  i n  d i e t  i n  f a l l  ( F i g ,  4 7 - A ) ,  when s m a l l e r  
i n d i v i d u a l *  (S  l e n g t h  “  127 .1  and  30.8nmt r e s p e c t i v e l y )  d o m i n a t e d  i n  t h e  
s t u d y  a r e a  and f e d  m a i n l y  on s m a l l  p l a n k t o n i c  c r u s t a c e a n s  s u c h  a s  P.
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F i g u r e  46 .  R e l a t i v e  a b u n d a n c e  i n  K l p p o g l o s s  lria o b l o n g a  a tom acha
( d a s h e d  l i n e )  a n d  g r a b  a a tn p le s  ( s o l i d  l i n e ) ,  and  e l e c t l v l t y  
o f  I m p o r t a n t  p r e y  s p e c i e s  w i t h i n  h a b i t a t  s t r a t a .
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F i g u r e  4 7 .  D en d ro g ram s  d e p i c t i n g  d i e t  s i m i l a r i t y  among d o m i n a n t  
p r e d a t o r s *  w i t h i n  e a c h  s e a s o n .
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g a u d i c h a u d i i  a n d  t y p i c u a , c h r y t o p *  a l s o  f e d  h e a v i l y  o n  t h e s e  two
s p e c i e *  a n d  was c l a s s i f i e d  w i t h  t h i s  g r o u p ,  J t . e r i n a c e *  a n d  C_* 
q r c t i f r o n s , b o t h  o f  which  f e d  h e a v i l y  o n  U. i r r o r a t a . s e r r a t i ,  and A_.
v a d o rm a  w ere  g ro u p ed  t o g e t h e r .  H^. o b l o t i g a  a n d  U, r e g i u *  w e re  more 
a i n i l a r  i n  t h e i r  d i e t  t o  e a c h  o t h e r  t h a n  t o  o t h e r  F i s h e s  i n  f a l l .  
Decapod* a n d  f i i h  were  t h e  tw o  w i t  i m p o r t a n t  food  t a n a  f o r  t h e a e  
s p e c i e s  i n  t h e  f a l l ,  and am ph ipods  w ere  a l e o  i m p o r t a n t  f o r  b o t h  s p e c i e s .  
Ij. a n e t i c s n u s , b e i n g  p r i m a r i l y  p i s c i v o r o u s ,  h a d  l i t t l e  s i m i l a r i t y  in  
d i e t  t o  t h e  o t h e r  s p e c i e s ,  b u t  was c l a s s i f i e d  w i t h  Ji,  o b l o n g a  and  IJ 
r e g i u e  w h i c h  a l i o  a t e  f i a h .
In  w i n t e r ,  p r e d a t o r  g r o u p s  changed  f o r  s e v e r a l  r e a a o n i  ( F i g .  4 7 - b ) ,  
F i r s t ,  c h r y s o p a  was a b s e n t  from t h e  B tu d y  a r e a ,  and  H, a m e r l c a n m  
became common and was i n c l u d e d  i n  t h e  c l a s s i f i c a t i o n .  A l s o  l a r g e r  U. 
c h u s s  ( i  l e n g t h  ■ 2 5 0 ,0  nun) a n d  H, b i  l i n e a r i s  ( x  ■ 2 8 1 . 5  mm) were 
p r e s e n t .  I n  w i n t e r ,  LT. i r r o r a t a  and EL. r u b r  i c o r n i a  w e re  t h e  mos t  
a b u n d a n t  fo o d  i t em s  f o r  Jh  a b l  onga „ H. a m er  i c a n u i , R.. e r i n a c e a , C_. 
a r c t  i f r o m  a n d  0.  c h n B i , and a l l  o t  t h e s e  s p e c i e s  fo rmed  a g r o u p  w i t h  
h i g h  s i m i l a r i t y .  W i th in  t h i s  g r o u p  C^ , i  r r o r a t m  wee t h e  t h i r d  most  
a b u n d a n t  p r e y  f o r  H. obi  onga  a n d  H. a a e r  i c a t t u s , C, i r r o r n t u i  and  o t h e r  
d e c a p o d s  w ere  a l s o  i m p o r t a n t  f o r  H. e r i n a c e a . which was i n c l u d e d  in  t h i s  
g r o u p  a t  a r e l a t i v e l y  h i g h  l e v e l  o f  s i m i l a r i t y .  C. a rc  t i  f r o n a  and  U, 
c h m s  a l s o  f e d  h e a v i l y  on p o l y c h a e t e s  a n d  c o p e p u d s ,  r e s p e c t i v e l y .  The 
one U. r e g i u B  c a p t u r e d  had e a t e n  f i s h  a n d  w as  j o i n e d  t o  1 ,  a m e r i c a n u s  i n  
t h e  c l a s s i f i c a t i o n .  H, b i l i n e a r i * t w h ich  f e d  m a in ly  on h y p e r i i d s ,  
c o p e  p o d s ,  I), l e p t o c e r u s  and  c h a e t o g n a t h s , d i f f e r e d  in  i t s  d i e t  from a l l
12S
o t h e r  s p e c i e s .  However* s i n c e  H. b i l i n e a r i s  consumed F ish*  i t  was 
j o i n e d  t o  t h i s  l a t t e r  g r o u p  a t  ■ low er  l e v e l  o f  s i m i l a r i t y .  The l a r g e r  
14. b i l  i n e a r  i s  p r e s e n t  i n  t h e  w i n t e r  f e d  c o n s i d e r a b l y  d i f f e r e n t  t h a n  
s m a l l e r  M. b i l i n e a r 1 b and c o - o c c u r r i n g  l a r g e r  U. c h u s s . Thus* a l t h o u g h  
t h e s e  two s p e c i e s  w e re  v e r y  s i m i l a r  i n  d i e t  i n  f a l l  a s  j u v e n i l e s ,  a d u l t s  
w ere  q u i t e  d i s s i m i l a r  i n  d i e t  i n  w i n t e r ,  when l a r g e  U. c h u s s  s w i t c h e d  t o  
more  b e n t h i c  p r e y ,  a n d  H, b i l i n e a r l s  c o n t i n u e d  t o  f e e d  on p l a n k t o n i c  
s p e c i e s .  A l s o  i n  w i n t e r ,  bi. o b l o n g a  f e d  on m o re  a m p h ip o d s  t h a n  d e c a p o d s  
and f i s h e s ,  and was  g r o u p e d  w i t h  o t h e r  am ph ip o d  f e e d e r * .
In  s p r i n g  ( F i g .  4 7 ' C ) ,  JJ. i r r o r a t a  and E^ . r u b r i c o r n i a  were  a g a i n  
t h e  most  i m p o r t a n t  Food f o r  s e v e r a L  p r e d a t o r s ,  and t h e  c l a s s i f i c a t i o n  
was s i m i l a r  t o  w i n t e r .  Jl. o b l o n g *  and II. e r i n a c e *  fed  h e a v i l y  on  U. 
i r r o r a t a , I£. r u b r i c o r n i a  a n d  JJ. a e r r a t a  a n d  showed t h e  h i g h e s t  
s i m i l a r i t y  o f  any p r e d a t o r  p a i r ,  JJ. c h u s s , c_. a r c t  i f r o n s , and  H. 
a m * r i c a n u a  a l s o  f e d  h e a v i l y  on JJ. i r r o r a t a  a n d  E,  r u b r  i c o r n i s . They 
were  i n c l u d e d  i n  t h i s  g r o u p ,  a l t h o u g h  t h e y  a l s o  fed  h e a v i l y  on  o t h e r  
a p e c i e s  ( c h a e t o g n a t h s  and  C. i  r r o r a t u s  f o r  U, c h u s s ; l a r v a c e a n s  and C. 
i n f u n d i b u l  i f o r m a  For  £* a r c t i  f r o n s  and  i r r o r a t u s  f o r  M. a m e r i c a n u a  ) .
m e r i c  a n u s , JJ. r e g i u s  and  11. b i l i n e a r  i s , t h o u g h  somewhat d i s s i m i l a r  
i n  d i e t ,  f e d  more on p e l a g i c  p r e y  and were  d i s s i m i l a r  f rom o t h e r  
p r e d a t o r s ,  and  fo rm ed  a s e p a r a t e  g ro u p .  J.. m e t  i c a n u a  f e d  m a i n l y  on 
f i s h ,  h u t  o n e  C. b o r e a l i s  was consumed.  U. r e g i u s  fed  m a i n l y  o n  C. 
i r r o r a t u a  and  b o r e a l  i s . b u t  F ish  and c e p h a l o p o d a  w e re  a l s o  c o n s i s t e d .  
M. b i  l i n e a r i s  fed  m a i n l y  on  S .  e l e g a n s  and p_. g a u d i c h a u d i  i , but  
c e p h a l o p o d a  ( I I  l e x  i l l  ec e h r o s u s ) and f i s h  w e r e  a l s o  c o n s  l ined.
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I n  s t u m e r ,  C.  a r c t i  f r o n s  a n d  H. m e t i c a n u i  d i s p l a y e d  t h e  g r e a t e s t  
s i n i l s r l t y  i n  d i e t ,  when a r c t i f t o r n  a g a i n  f e d  h e a v i l y  on am phipods  
and JJ. r u b r i c n r n i s  and  JJ. i r r o r a t a  were  t h e  mos t  a b u n d a n t  s p e c i e s  
consumed by b o t h  ( F i g .  R, e r i n a c e a  a n d  JJ, c h u s s  a g a i n  fed
h e a v i l y  on  b o t h  t h e s e  s p e c i e s  d u r i n g  s im m er  and w e re  i n c l u d e d  i n  t h i s  
g r o u p ,  b u t  R, e r i n a c e a  a l s o  f e d  h e a v i l y  on  JJ . s e r r a t e  and A^ . vadorum 
w h e r e a s  JJ. c h u s s  consumed many J i . e l e g a n t  a n d  P;. g a u d i c h a u d i i  ■ K  
g a u d i c h a u d j i  and  I), l e p t o c e r u s  were  t h e  mos t  a b u n d a n t  s p e c i e s  consumed 
by _M ■ b i l  i n e a r  i  s and  JJ. r e g  i u s , b o t h  o f  w h ich  a l s o  f e d  on  f i s h e s .  ii. 
o b l o n g s  s w i t c h e d  t o  a f i s h  and d e c a p o d  d i e t  i n  g u n n e r  and was c l a s s i f i e d  
w i t h  1^ , a n e r i c a n u s  s i n c e  b o t h  f e d  h e a v i l y  on f i s h ,  p r i m a r i l y  M. 
b i l i n e a r i a . II. l e p t o c e r u s  was consumed  by b o t h  s p e c i e s ,  so t h e y  were  
i n c l u d e d  i n  a g r o u p  w i t h  H. b i l  i n e a r  i s  a n d  IJ. r e g l u s .
A c l a s s i f i c a t i o n  o f  e a c h  p r e d a t o r  by s e a s o n  w i t h i n  a s i n g l e  d a t a  
m a t r i x  i n d i c a t e d  two m a j o r  g r o u p s  o f  s i m i l a r  f e e d e r s  ( F i g .  4 8 ) .  One 
g r o u p  (Group  I ,  F i g .  4 8 )  fed  m a i n l y  on b e n t h i c  a m p h ip o d s ,  p r i m a r i l y  JJ. 
i r r o r  a t  a , E, r u b r i c o r n i s , _B. s e r r a t a  and  A  ^ v a d o r u n  a n d  d e c a p o d s  
( p r i m a r i l y  C. i r r o r a t u s ) . A s e c o n d  m a j o r  g r o u p  (G ro u p  I t ,  F i g .  4 3 )  f ed  
m a i n l y  on h y p e r i i d s ,  c o p e p c d s ,  f i s h e s  and  d e c a p o d s  ( p r i m a r i l y  Ji, 
l e p t o c e r u s ) . W hi le  some f i s h e s  c o n s i s t e n t l y  f e d  s i m i l a r l y  d u r i n g  a l l  
s e a s o n s  ( e . g .  j l .  e r i n a c e a ) , s e v e r a l  p r e d a t o r s  b e l o n g e d  t o  b o t h  g r o u p s ,  
s w i t c h i n g  a t  v a r i o u s  s e a s o n s .  Thus  JJ. c h u s s  fed  m a i n l y  on h y p e r  i i d s  and 
c o p e  pods  i n  t h e  f a l l  a t  w h ich  t im e  i t  was c l a s s i f i e d  i n  Group I I ;  d u r i n g  
o t h e r  s e a s o n s  r e d  h a k e  were i n c l u d e d  i n  G roup  I .  JJ, r e g i u a  a l s o  fed  
d i f f e r e n t l y  i n  t h e  f a l l  t h a n  o t h e r  s e a s o n s  and was c l a s s i f i e d  i n  Group I
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Dendrogram d e p i c t i n g  d i e t  s i m i l a r i t y  among p r e d a t o r s ,  
by season .
i t m l l a i i t r
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i n  t h e  f a l l .  8 .  o b i  png a f e d  p r e f e r e n t i a l l y  on e m a i l  f i e h  i n  s i n n e r  end 
f a l l  d u r i n g  t h e  p e r i o d  o f  t h e i r  g r e a t e s t  a b u n d a n c e ,  b u t  f e d  more  on 
am ph ipods  i n  w i n t e r  and s p r i n g .
W i t h i n  Croup I t h e r e  w e re  t h r e e  m a j o r  g r o u p s  o f  p r e d a t o r s .  The 
f i r s t , composed o f  s p r i n g  and  summer H. a a e r i c a n u a  o n l y ,  h a d  a d i e t  
d o m i n a t e d  by r u b r i c o r n i a , U. i r r o r a t a  a n d  d e c a p o d s .  The  s e c o n d  
( m i d d l e )  g r o u p  f e d  h e a v i l y  on t h e  s a w  two s p e c i e s  o f  a m p h ip o d s  (w h ich  
o f t e n  w e re  t h e  m oa t  a b u n d a n t  f o o d  i t e m s )  b u t  a l a o  f e d  on a m p e l i s c i d a  o r  
o t h e r  c r u s t a c e a n s .  The t h i r d  s u b g r o u p  w i t h i n  Group  I c o n s i s t s  o f  
s p e c i e s  w hich  a l s o  f e d  h e a v i l y  on r u b r i c o t n i s  a n d / o r  U_. i r r o r a t a , h u t
w hose  d i e t  was d o m i n a t e d  by o t h e r  s p e c i e s :  JJ. s e r r a t e  f o r  R. e r i n a c e a ,
s e p t e m s p i n o s a  f o r  J^. r e g i u s ; l a r v a c e a n s  f o r  C_* a r c t i f r o n s .
T h e r e  were two m a jo r  s u b g r o u p s  w i t h i n  Group 11.  The f i r s t  g r o u p  
f e d  m a i n l y  on h y p e r i i d s ,  c o p e  pods  and f e w e r  amphipods  and d e c a p o d s .  The 
lo w e r  s u b g r o u p  f e d  m a i n l y  on  f i s h e s  and d e c a p o d s .
A l t h o u g h  t h e  f o n d  h a b i t s  o f  some s p e c i e s  a p p e a r e d  t o  c h a n g e  
s e a s o n a l l y , t h i s  phenomenon  may be a t t r i b u t e d  i n  l a r g e  e x t e n t  t o  
s e a s o n a L  c h a n g e s  i n  s i r e  c l a s s  c o m p o s i t i o n  o f  t h e  p r e d a t o r s  i n  t h e  s tu d y  
a r e a .  The  food  h a b i t s  o f  moat  p r e d a t o r s  w e re  found t o  c h a n g e  
d r a n a t i c a l l y  w i t h  s i t e .  ThuH, d i e t  o v e r l a p  be tw ee n  s p e c i e s  c o u l d  be 
g r e a t e r  t h a n  t h a t  b e t w e e n  d i f f e r e n t  s i z e d  f i s h e s  o f  th e  same s p e c i e s .
To r e s o l v e  su ch  d i f f e r e n c e s  e a c h  s i c e  c l a s s  w i t h i n  a s p e c i e s  was  t r e a t e d  
a s  a n  e n t i t y  i n  t h e  n o rm a l  c l a s s i f i c a t i o n  f o r  each  s e a s o n  ( F i g s .  4 9 - 5 2 ) .
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I n  f a l l ,  f o u r  m a jo r  g r o u p s  a p p e a r e d  i n  t h e  c l a s s i f i c a t i o n  ( F i g ,
4 9 ) .  The f i r s t  (G roup  I ,  F i g .  4 9 )  was composed o f  s m a l l  t o  medium 
s k a t e s ,  me d i n e  s p o t t e d  h a k e ,  l a r g e  f o u r s p o t ,  s m a l l  r e d  h a k e  and medium 
t o  l a r g e  s c u p -  T h e s e  f i s h e s  f e d  m a i n l y  on c o r a p h i i d  and a m p e l i a c i d  
u p h i p o d s  and c a r i d e a n  d e c a p o d s .  Group 1L c o n s i s t e d  m a i n l y  o f  
p i s c i v c r e s  s u c h  a s  L, a m e r i c a n u s  and l a r g e  H. b i  l i n e a r  i s  a n d  o t h e r  
f i s h e s  w h ich  had  p r e y  i n  common. Group l i t  c o n s i a t e d  o f  l a r g e  f i s h e s  
h a v i n g  £ P i r r o r a t u s  a s  t h e i r  m o a t  a b u n d a n t  food  i t e m .  F i n a l l y ,  G r o u p  IV
c o n s i s t e d  o f  s m a l l  £ ,  chuss  a n d  £ .  c h r y s o p s  and  s m a l l  t o  m e d i m  H.
b i l i n e a r i s , a l l  o f  which fed  h e a v i l y  on h y p e r i i d  am p h ip o d s  w h i l e  
c o n s u m i n g  cope  pods sod  c a r i d e a n  d e c a p o d s  a s  w e l l .
S m a l l  R, e r i n a c e a  o v e r l a p  i n c o m p l e t e l y  w i t h  o t h e r  graphipod e a t e r  a ,
e s p e c i a l l y  m e d i m  JJ. c h u s s , s m a l l  JJ. r e g i u s  a n d  l a r g e  H. o b l o n g a  (G r o u p  
I ,  F i g '  4 9 } .  M ed i isa to  Large  £ ,  e r i n a c e a  a l s o  show a v e r y  h i g h  
s i m i l a r i t y  i n  d i e t  t o  t h e s e  t h r e e  s p e c i e s  ( G r o u p  1 1 1 ,  F i g .  49} b u t  t h e i r  
p r e y  ( m a i n l y  £■ i r r o r a t u s ) w ere  q u i t e  d i f f e r e n t  a t  t h i s  s i z e .  T h u s ,  
i n t e r s p e c i f i c  o v e r l a p  in  d i e t  i s  g r e a t e r  t h a n  t r t r a s p e c i f i c  d i e t  o v e r l a p  
f o r  t h e s e  s p e c i e s .  S m al l  £ .  c h r y a o p s  were v e r y  s i m i l a r  i n  d i e t  t o  s n a i l  
U. c h u s s  and M. b i l i n e a r i s , ( G r o u p  IV ) ,  b u t  w ere  d i f f e r e n t  f rom  l a r g e r  
£ .  c h r y a o p s , w h ich  s h a r e d  food i t e m s  w i t h  medium U. c h u s s  and £ .  
a r c t i f c o n s . O t h e r  exam ples  c a n  be  s e e n  ( F i g .  4 9 ) .
In w i n t e r ,  t h r e e  m a jo r  g r o u p s  o f  s i m i l a r  f e e d e r s  were  c l a s s i f i e d  
( F i g .  5 0 ) ,  Group  1 was composed o f  t h o s e  f i s h e s  ( S u b g r o u p  1-A) s u c h  a s  
£ ,  s m e r i c a n u s  and l a r g e  M. b i l i n e a r i s  w hich  f e d  l a r g e l y  on f i s h e s  
( p r i m a r i l y  U. c h u s s ) w i t h  a few c a r i d e s n s  (JD. l e p t o c e r u s ) ; a n d  t h o s e
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f i g u r e  4 9 .  Dendrogram d e p i c t i n g  d i e t  s i m i l a r i t y  among s i z e  g r o u p s  o f  
p r e d a t o r s  i n  t h e  f a l l .
(HI LENGTH PMDATOft
(74) 191-300 9. mhmcm
(39) 201290 9. wrfnacm
mi 51100 It. mkmcm
(19) 101-190 A. trintem
tt?) 191-300 U ngfut
(32) 301-390 U. rtgta t
m 301-390 H. c&ong*
m 101-190 U  chum
12i 41-90 C mctifron*
ft) 101-130 C mctifrvn*
m 191-300 U. chum
rw 41-90 C mvtifrnr*
tm 91-100 C mctttroa*
(97) 91-100 U. chum
(39) 31-40 C crctfheo*
ft09) 101-190 JteVyHpr
mi 191-300 S.chrywofic
f t t t 301-390 £  chrympt
m 391-300 i d i f m w
m 1-30 C  crutffram
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m 301-390 A, jrtaacw
m 301-290 U.L chum
m 301-390 U. rcghm
(99) 201-390 H. obtonm
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(34) 51-100 H. bilinmtit
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F i g u r e  50* Dendrogram d e p i c t i n g  d i e t  s i m i l a r i t y  among a l e e  g r o u p s  o f  
p r e d a t o r s  in w in t e r .
(HI i£N«TH
m 5 5 ) 7 0 0
m 3 0 1 - 2 5 0
r u 1 6 1 - 3 0 0
m 2 5 1 - 3 0 0
m 3 0 1 - 3 5 0
12 1 4 8 1 - 5 0 0
m 3 0 1 - 3 5 0
m 4 8 1 - 5 0 0
m 5 1 - 1 0 0
m 3 5 1 - 4 0 0
m 1 0 1 - 1 5 0
( 6 7 ) 3 5 1 - 3 0 0
m 3 0 1 - 3 8 0
t i n 3 5 1 - 4 0 0
r e t 1 0 1 - 1 5 0
m 1 5 1 - 3 0 0
f t } 4 0 1 - 4 5 0
m 4 0 1 - 4 5 0
m 9 0 1 - 9 8 6
n } 5 0 1 - 5 5 0
( 2 4 } 5 1 - 1 0 0
w 2 0 1 - 2 5 0
( 5 ) 1 - 5 0
w 6 1 - 1 0 0
( t m 1 0 1 - 1 5 0
( 1 2 ) f - 5 D
m 1 6 1 - 2 0 0
f W 1 0 1 - 1 5 0
m 3 5 1 - 4 0 0
( 5 2 / 6 1 - 1 0 0
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(47) 4 1 - 5 0
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1 1 / 4 5 1 - 6 0 0
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(U 1 0 1 - 1 5 0
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f i a h a s  ( S u b g r o u p  &) w h ic h  f e d  on h y p e r i i d s  and c a r i d e a n s  a s  w e l l  as  
f i s h e s .  As i n  f a l l ,  s m a l l  J4. b i l i n e a r i s  a n d  IJ, c h u s s  had  s i m i l a r  d i e t s  
and  c o m p r i s e d  a g roup  ( G r o u p  I I )  w i t h  h i g h  s i m i l a r i t y .  W h i le  
P a r a c a l a n u s  s p .  and  o t h e r  c o p e p o d s  were t h e  most  a b u n d a n t  p r e y  f o r  b o t h  
s p e c i e s ,  M. b i l i n e a r i s  a l s o  f e d  on  g a u d i c h a u d i i  a n d  JJ. c h u s s  a l s o  f e d  
on g a m m a r id e a n s  (JJ. i r r o r a t a  a n d  JS. r u b r i c o r n i s ) , Group t i l  ( F i g ,  50) 
was composed  o f  f i v e  s p e c i e s  i n  s e v e r a l  s i t e  c l a s s e s ;  a l l  f e d  p r i m a r i l y  
on c o r o p h i i d  am p h ip o d s .  Two s u b g r o u p s  were  p r e s e n t :  S u b g ro u p  I I I - A  was
composed  o f  s m a l l  U. o b l o n g a , R. e r i n a c e a , a n d  C_. a r c t i f r o n s  and  l a r g e  
M. m e r i c  anus i . IJ. r u b r  i c o r n i s  was t h e  mos t  a b u n d a n t  food i t e m  f o r  
S u b g r o u p  I l l - A .  JJ. i r r o r a t a  was t h e  s e c o n d  mos t  a b u n d a n t  p r e y  f o r  a l l  
e x c e p t  t h e  s m a l l e s t  JJ. o b l o n g a , w h ic h  f e d  more o n  Ji. s e r r a t a  and CJ. 
s e p te rn s p  i n o s a . S u b g ro u p  1L1-B c o n s i s t e d  o f  l a r g e r  It, ob 1 o n g a , U, c h u s s ,  
C, a r c t i f r o n s  and  II- e r i n a c e a  and  s m a l l  t o  medium II. a m e r i c a n u a . With 
t h e  e x c e p t i o n  o f  t h e  l a r g e s t  JJ, o b l o n g a , w h ic h  f e d  m o s t l y  on  JJ. 
i r r o r a t u s , a l l  s i a e  c l a s s e s  o f  t h e a e  s p e c i e s  f e d  p r i m a r i l y  o n  JJ. 
i r r o r a t a  ( t h e  s e c o n d  most  i m p o r t a n t  food  f o r  l a r g e  JJ. o b l o n g a ) ■ E. 
r u b r i c o r n i a  was t h e  s e c o n d  most  a b u n d a n t  food  f o r  moat  o f  t h e s e  
e n t i t i e s .  F u r t h e r  s u b g r o u p s  (1 and 2) w e re  d i s t i n g u i s h e d  by p r e f e r e n c e  
f o r  am phipods  o r  a l t e r n a t i v e l y  f o r  d e c a p o d s ,  a  m u l t i a p e c i e s  g roup  o f  
l a r g e  f i s h e s  w h ic h  fed m a i n l y  on JJ, i r r o r a t u s  was a b s e n t  i n  t h e  w i n t e r .
In  t h e  w i n t e r ,  as  i n  f a l l ,  d i f f e r e n t  s i r e  c l a s s e s  of  s e v e r a l  
s p e c i e s  o f  p r e d a t o r s  w e re  c l a s s i f i e d  d i f f e r e n t l y .  S m a l l  R. e r i n a c e a  f e d  
m a i n l y  on  JJ. r u b r i c o r n i s  and  o v e r l a p p e d  w i t h  II, a m e r i c a n u s  , s m a l l  H. 
o b l o n g a  a n d  s m a l l  (J, a r c t i f r o n s . Median R, e r i n a c e a  f e d  m a i n l y  on JJ.
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i r r o r a t a , IJ. r u b r i c a r n i a . D. s c u l p t a  a n d  JJ. a e r r a t a ^ g y a r l a p p i n g  w i t h  
l a r g e  IJ. c h i i a i , M, a n a r i c a n u s  and a g a i n  w i t h  JJ. o b l o n g a , b u t  l a r g e r  
f i a h .  T h e  l a r g e s t  c l a s s  o f  s k a t e s  a l s o  f e d  h e a v i l y  o n  JJ. i r r o r a t a . 
A g a i n ,  a s  in  t h e  f a l l  s n a i l  JJ. c h u s s  o v e r l a p p e d  i n  d i e t  m os t  c l o s e l y  
w i t h  s n a  L 1 JJ. b i l i n e a r i s . However,  l a r g e r  JJ, c h u s s  f e d  more  on 
g a m m a r id e a n s  and d e c a p o d s  and were c l a s s i f i e d  w i t h  s i m i l a r  f e e d e r s  
( S u b g r o u p  I I L - B ) .  A g a in ,  l a r g e  and ned i ian  M. b i l  i n e a r  i *  f e d  on f i s h e s  
and w ere  g r o u p e d  w i t h  o t h e r  p i s c i v o r e s ,  b u t  s m a l l  i n d i v i d u a l s  f e d  on 
i t e m s  s i m i l a r  t o  t h o s e  t a k e n  by e m a i l  U. c h u s s . A l l  H. an  e r i c  a n u s  f e d  
p r i m a r i l y  on g a m u r i d e a n a  and w ere  i n c l u d e d  i n  G roup  I I I .  S m al l  C_, 
a r c t i f r o n s  and H. o b l o n g a  w ere  s i m i l a r  i n  d i e t  ( G r o u p  I I I - A )  and l a r g e r  
i n d i v i d u a l s  o f  t h e a e  s p e c i e s  were g r o u p e d  w i t h  o t h e r  g a n m e r i d e a n  f e e d e r s  
(G roup  I I 1 ~ B ) .
I n  s p r i n g  ( F i g ,  5 1 ) ,  t h e  c l e a s i f i c a t  i o n  o f  p r e d a t o r  e n t i t i e s  
r e s u l t e d  i n  s e v e r a l  s m a l l  g r o u p s ,  e ac h  c h a r a c t e r i s e d  by h i g h  i n t r a g r o u p  
d i e t  s i m i l a r i t y .  T h e i e  g r o u p s  w ere  i n  t u r n  j o i n e d  t o g e t h e r  a t  l o w e r  
l e v e l s  o f  s i m i l a r i t y .  An a d d i t i o n a l  l a r g e  tnul t  i s p e c  i e  s g r o u p  c o n s i s t e d  
o f  s e v e r a l  l o o s e l y  j o i n e d  e n t i t i e s  (G ro u p  1 ) .  T h i s  g r o u p  c o n s i s t e d  
m a i n l y  o f  p i s c i v o r e s  such  a s  J,. a t n e r t c a n u s  , l a r g e  U. c h u s s  and s m a l l  JJ, 
r e g i u a . Theae L a s t  two s p e c i e s  a l s o  consu l t ed  C.  i r r o r a t u s  i n  a d d i t i o n  
t o  f i s h e s  and  w ere  j o i n e d  w i th  o t h e r  d e c a p o d  e a t e r s  (M. a m e r i c a n u a , 
l a r g e  JJ. r e g i u s  a n d  l a r g e  JJ, o b l o n g a ) . The l a r g e s t  s i z e s  o f  H. 
b i  l i n e a r i s  consumed  c e p h a l o p o d a  (_l„ i  1 l a c e b r o a u a  ) and f i s h e s  (C . 
a r c t  i f r o n s ) and w e r e  a l s u  i n c l u d e d  in  t h i s  r a t h e r  l o o s e  g r o u p .
F ig u r e  51 d e n d r o g r a m  d e p i c t i n g  d i e t  s i m i l a r i t y  among s i z e  g r o u p s  
p r e d a t o r s  i n  s p r i n g *
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The a m a l l e r ,  t i g h t e r *  g roup ings  p r e s e n t  i n  s p r i n g  ( e . g .  G roup  I I )  
w ere  o o n o  s p e c i f i c  i n  u n y  c a s e s ,  i n d i c a t i n g  iso re  s p e c i a l i s a t i o n  in  the  
d i e t  w i t h i n  eac h  s p e c i e s ,  and  I s i s  i n t e r s p e c i f i c  o v e r l a p  i n  f o o d  in  t h e  
s p r i n g .  T h u s ,  s n a i l  and medium M. b i l i n e a r i a  (G roup  I I )  consumed 
p r e d o m i n a n t l y  5^ . e l e g a n a  a n d  were g ro u p e d  t o g e t h e r .  S q u id s  w e r e  a l s o  
consumed by H. b i  L i n e a r i s , which j o i n e d  G ro u p  I  a t  a h i g h e r  l e v e l  o f  
a s s o c i a t i o n  t h a n  d i d  o t h e r  g roups .  L a r v a c e a n a  were t h e  m os t  a b u n d a n t  
p r e y  f o r  e l l  s i z e s  o f  C. a r c t i f r o n s . and  a l l  s i z e s  o f  t h i s  p r e d a t o r  
c l u s t e r e d  t o g e t h e r .  Most s i z e  c l a s s e s  o f  M. a n e r i c a n t i s  c l u s t e r e d  w i t h  
s m a l l  Jl. e r i n a c e a . Both  s p e c i e s  fed m a i n l y  o n  J£. r u b r i c o r n i s  a n d  
j Lr r o r a t a .  S m a l l e r  ^1. amer icanuB a l s o  a t e  p o l y c h a e t e a  ( H a n n o t h o e  
e x t e n u a t e ) and  J). s c u l p t a , whereas  R, e r i n a c e a  a l s o  f e d  h e a v i l y  on D, 
s c u l p t s  a n d  JJ. a e r r a t a . The la rge  j l ,  a m e r i c a n u s  f e d  on C_, i r r o r a t u g  and 
s m a l l e r  p e r a c a r i d e a n a .
A l l  s i z e s  ( e x c e p t  t h e  two Largest  i n d i v i d u a l s )  o f  LL c h u s s  were  
i n c l u d e d  i n  a s i n g l e  g r o u p  o f  high  s i m i l a r i t y .  Red h a k e  from 251 t o  400 
mm fed  m a i n l y  on S^ . e l e g a n a , jJ, i r r o r a t a * E.  r u b r  i c o r n i s  and ;C, 
i r r o r a t u s , i n  o r d e r  o f  d e c r e a s i n g  r e l a t i v e  a b u n d a n c e .  F i s h  f r o m  51 t o  
250 nm a n d  4QJ t o  4 5 0  mm fe d  mainly on i r r o r a t a , a s  w e l l  aa  j». 
e l  egana  a n d  E,  r u b r  i c o r r i  a ■ Jn f a l l  and  w i n t e r ,  s m a l l  U. chua_a f ed  
q u i t e  d i f f e r e n t l y  f rom  l a r g e  ones and w e re  c l a s s i f i e d  s e p a r a t e l y *  w i th  
s m a l l e r  i n d i v i d u a l s  o f  o t h e r  s p ec ie s  s u c h  a s  C^ , a r c t i  f r o n s , ii.  ch ryso jas  , 
and  M. b i 1 i n e a r i s . In s p r i n g *  however,  a l l  UL chugs  e x c e p t  t h e  two 
l a r g e s t  ( 4 5 1 - 5 0 0  a n  9L)  formed a d i s t i n c t  g r o u p .  T h i s  g r o u p  o f  Lf„ c h u s s  
was j o i n e d  w i t h  a n o t h e r  g r o u p  c o n s i s t i n g  o f  l a r g e r  II. o b l o n g s  and R..
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a r i n a c e a  f a r  which U^. i r r o r a t a  was t h e  most  a b u n d a n t  p r e y ,  b u t  w h ich  
a l s o  f ed  h e a v i l y  on d e c a p o d s .
In  suan te r  ( P i g ,  52)  i n t e r s p e c i f i c  o v e r l a p  i n  d i e t  a g a i n  i n c r e a s e d .
A r a t h e r  l a r g e  g r o u p  (G ro u p  I ,  Fig* 5 2 )  i n c l u d e d  t h e  many f i s h e s  w h ich  
consulted f i s h e s  d u r i n g  t h e  summer,  a n d  t h o s e  s p e c i e s  t h a t  f e d  p r i m a r i l y  
on p l a n k t o n i c  i n v e r t e b r a t e s .  Smal l  U. c h u a s  and hi* b i  l i n e a r i a  a g a i n  fed  
s i m i l a r l y ,  a s  i n  f a l l  and w i n t e r ,  and  w e re  g rouped  t o g e t h e r  ( S u b g r o u p  
I -A ,  Fig* 5 2 ) ,  They had consumed p r i m a r i l y  e l e p a n s  and  P. 
g a u d ic h a u d  i i  and  some g a m m ar id e an a ,  A s i n g l e  s m a l l  g o o s e f i s h  w h ic h  had 
consumed c h a e t o g n a t h a  (s^. e l e g a n a ) was a l s o  i n c l u d e d .  The r e m a i n d e r  o f  
Group 1 c o n s i s t e d  o f  t h o s e  e n t i t i e s  w h ic h  had e a t e n  f i s h e s .  L, 
a m e r i c a n u e  f e d  p r i m a r i l y  on f i s h e s  such  a s  L^ . c h u a s  and  H. b i l i n e a r i s , 
b u t  a few c e p h a l o p o d a  (_L, p e a l e i i ) and D. l e p t o c e r u s  w e re  consumed*
Large  b i  L i n e a r i s  consumed IJ. l e p t o c e r u s  and a m p h ip o d s ,  b u t  f i s h e s  
were  a l s o  n u m e r i c a l l y  i m p o r t a n t .  The etna 1 Lest s i z e  c l a s s e s  o f  H* 
o b lo n g a  c a p t u r e d  d u r i n g  summer consumed M, b i l i n e a r i s  i n  t h e  g r e a t e s t  
r e l a t i v e  a b u n d a n c e ,  and w e re  i n c l u d e d  i n  S ubgroup  I - B .  S m a l l  (L 51-2  50 
imn) r e g i u s  t which  p r i m a r i l y  a t e  J3, l e p t o c e r u s , S_. e l e g a n a  and 
am phipods ,  a s  w e l l  a s  f i s h e s ,  were  c l a s s i f i e d  h e r e .  The l a r g e s t  s i z e  
g r o u p  o f  jJ* c h u a s  consumed m o s t l y  a r c t i f r o n s . C_. i r r o r a t u H  and 0 ,  
i r r o r a t a  a n d  was i n c l u d e d  h e r e *  Group 11 c o n s i s t e d  of  f i s h e s  f o r  w hich  
C. i r r o r a t u s  was th e  raOHt a b u n d a n t  food f o l l o w e d  by a m p h ip o d s ,  o t h e r  
decapods  and f i s h e s *  T h i s  g r o u p  c o n s i s t e d  o f  l a r g e  d e c a p o d  p r e d a t o r s  
sucb  as  M. s m e r i c a n u s , R_. e r  i n a c e a , h.  o b l o n ^ a , and jJ. r e g i u s *
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F i g u r e  5 2 . D e n d ro g ra m  d e p i c t i n g  d i e t  s i m i l a r i t y  among s i z e  g r o u p s  o f  
p r e d a t o r s  I n  summer.
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Group £11 c o n s i s t e d  o f  amphipod e a t e r * .  11. r u b r i c o r a i a  and 1J< 
i r r o r a t a  were  t h e  t u o  moat a b u n d a n t  p r e y  f o r  a l l  f i s h e s  i n  Subgroup  
1 1 I -A  and t h e s e  two amphipoda were  a l s o  a b u n d a n t  i n  t h e  d i e t s  o f  o t h e r  
Group I I I  f i s h e s . O t h e r  am phipods  were  a l s o  t a k e n  by Group I I I  f i a h e s .
In  Bianmer, a s  i n  no a t  o t h e r  s e a s o n s ,  mos t  p r e d a t o r  s p e c i e s  were  
i n c l u d e d  i n  s e v e r a l  d i f f e r e n t  f e e d i n g  g r o u p s .  T h u s ,  s m a l l  EL e r i n a c e q  
c L u a t e r e d  w i t h  o t h e r  amphipod f e e d e r s  a n d  Large s k a t e s  w e re  i n c l u d e d  
w i t h  l a r g e r  i n d i v i d u a l s  o f  o t h e r  s p e c i e s  w h ic h  f e d  on d e c a p o d s  
( p r i m a r i l y  b r s c h y u r a n s  s u c h  a s  C. i r r o r a t u s ) .  L a r g e  U. r e g i u s  and H.. 
o b l o n g s  a l s o  f e d  on  b r a c h y u r a n  d e c a p o d s ,  w h e r e a s  s m a l l e r  i n d i v i d u a l s  o f  
b o t h  s p e c i e s  f e d  more on f i s h e s  and c a r i d e a n  d e c a p o d s .  As i n  a l l  o t h e r  
s e a s o n s  e x c e p t  s p r i n g ,  sits 11 M. b i l i n e a r i s  and JJ. chuas  were  g ro u p e d  
t o g e t h e r .  H owever ,  l a r g e r  H. b i l i n e a r i s  ( 1 5 1 - 4 0 0  n o )  w e re  i n c l u d e d  i n  a 
s i n g l e  a s s e m b l a g e  which fed  more  on c a r i d e s n s  and f i s h e s .  JJ. c h u s s  was 
a s s o c i a t e d  w i t h  t h r e e  s e p a r a t e  g r o u p s .  The  s m a l l e s t  (1 — 100 nun) r e d  hake  
f e d  on  JL e l e g a n s  and  JJ. g s u d i c h a u d i  i and  were a s s o c i a t e d  w i t h  Group 
I - A .  I n t e r m e d i a t e  s i z e d  f i s h  ( 1 0 1 - 3 0 0  mm) f e d  on  gammarI d e a n s  (U, 
i r r o r a t a  and J£. r u b r i c o r n i s ) , d e c a p o d s  a n d  JL e l e g a n s , and  b e l o n g e d  t o  
Group H I .  L a r g e  r e d  hake  (301 nun+) f e d  p r i m a r i l y  on  f i s h  ((J. 
a r c t i  f r o n s ) a n d  £ ,  i r r o r a t u s . F i n a l l y ,  H, a m e r i c a n u a  was a s s o c i a t e d  
w i t h  two g r o u p s .  Small  o c e a n  pou t  fed  m a i n l y  on am phipods  (E.. 
r u b r  i c o r t i i s , JJ. i r r o r a t a  and  A . v a d o r u m ) and C_. i r r o r a t u s  and  l a r g e r  
f i s h  fed  m a in ly  on  C_. I r r o r a t u s . L. m e r i c  anus  was  p r i m a r i l y  
p i s e  i v o ro u s  a n d  a l l  s i r e s  were  i n c l u d e d  i n  Group I .  C. a r c t  i f r o n s  f e d  
m a i n l y  on c o r o p h i i d  am phipods  and a l l  s i z e s  were i n c l u d e d  i n  Group I I I .
DISCUSSION
Pood h a b i t s  o f  some o f  t h e  s p e c i e *  d i s c u s s e d  h e r e i n  h a v e  b e e n  
r e p o r t e d  o n l y  i n  f a u n a l  and t a x o n o m ic  w o rk s  ( H i l d e b r a n d  and S c h r o e d e r ,  
19 2 7 ;  B i g e l o w  and  S c h r o e d e r ,  1953)  and i n  l i f e  h i s t o r y  s t u d i e s  ( O l s e n  
and M e r r im a n ,  1946;  R i c h a r d s ,  1963 ;  B a r a n a ,  1 9 6 9 ) .  I n  a d d i t i o n ,  some 
food  h a b i t s  s t u d i e s  h a v e  b e e n  d o n e  ( J e n s e n  a n d  F r i t z ,  1960 ;  S i k o r a  e t  
a l . , 1 9 7 2 ;  V i n o g r a d o v ,  1972;  Edw ards  a n d  D ovnan ,  1 9 7 9 ) ,  b u t  t h e s e  g i v e  
l i t t l e  i n s i g h t  i n t o  o n t o g e n e t i c  c h a n g e s  i n  fo o d  h a b i t s ,  fo o d  o v e r l a p  
w i t h  o t h e r  f i s h e s  i n  t h e  com m un i ty ,  o r  p r e y  s e l e c t i v i t y  o f  t h e s e  
s p e c i e s .
C o m p a r i s o n  o f  t h e  p r e s e n t  r e s u l t s  w i t h  p r e v i o u s  s t u d i e s  i n d i c a t e s  
t h a t  a l t h o u g h  f i s h e s  s e l e c t  a c e r t a i n  t y p e  o f  p r e y ,  r e f l e c t e d  by t h e i r  
s i z e  and h a b i t a t ,  t h e  p r e y  s p e c i e s  cons iaaed  i s  d e p e n d e n t  upon p re y  
a v a i l a b i l i t y  and p r e y  communi ty  s t r u c t u r e .  G e n e r a l l y ,  t h e  i m p o r t a n t  
h i g h e r  p r e y  t a x a ,  e . g .  p o l y c h a e t e s ,  a m p h ip o d s ,  d e c a p o d s ,  e t c . ,  a r e  
i m p o r t a n t  i n  t h e  d i e t  o f  s h e l f  f i s h e s  t h r o u g h o u t  t h e i r  r a n g e ,  b u t  t h e  
s p e c i e a  c o n i m e d  r e f l e c t s  a v a i l a b i l i t y  o f  t h e s e  p r e y  i t e m s .  T hus ,  
S m i th  ( 1 9 5 0 )  and R i c h a r d s  e t .  ( 1 9 6 3 )  found  t h a t  R. e r i n a c e a  fed  
m a i n l y  o n  am ph ipods  and d e c a p o d s  i n  t h e  w a t e r s  a ro u n d  Long I s l a n d ,  a 
f i n d i n g  d u p l i c a t e d  by t h e  p r e s e n t  s t u d y .  H ow ever ,  t h e  amphipod 
L e p t o c h e i r u *  p i n g u i a , o f  m in o r  i m p o r t a n c e  i n  t h e  d i e t  o f  s k a t e s  i n  t h e  
p r e s e n t  s t u d y ,  was t h e  moat a b u n d a n t  s p e c i e s  i n  t h e  d i e t .  Smith  
( 1 9 5 0 )  r e p o r t e d  t h a t  t h i s  amphipod  was a d o m i n a n t  s p e c i e s  i n  t h e  
b e n t h o s  o f  Long I s l a n d  w a t e r s  b u t ,  a l t h o u g h  conxnon s w a l e s  i n  t h e  
p r e s e n t  s t u d y  a r e a ,  i t  i s  se ldom  a b u n d a n t  ( B o e s c h ,  1979)  . McEachran  e t
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a l . ( 1 9 7 6 )  f o u n d  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  h i g h e r  t a x o n o m i c  
c o m p o s i t i o n  o f  t h e  d i e t  o f  JL e r i n  a c e a  from f o u r  a r e a *  i n c l u d i n g  t h e  
M i d d l e  A t l a n t i c  B i g h t ,  G e o r g e s  B a n k ,  the  G u l f  o f  M a in e ,  and t h e  Nova 
S c o t i a n  s h e l f -  H owever ,  s p e c i e s  c o m p o s i t i o n  o f  t h e  m os t  i m p o r t a n t  
p r e y  changed  f ro m  n o r t h  t o  s o u t h ,  p ro b a b ly  r e f l e c t i n g  c h a n g e s  i n  t h e  
h e n t h i c  f a u n s .  P r e v i o u s  r e p o r t s  o f  the  s to m a c h  c o n t e n t s  o f  t h e  o t h e r  
d o m i n a n t  s p e c i e s  f r o m  o t h e r  l o c a l i t i e s  show s i m i l a r  r e s u l t s  
(H iL d e h rs n d  and  S c h r o e d e r ,  1927;  O l s e n  and M e r r i m a n ,  1946 ;  B i g e l o w  and  
S c h r o e d e r ,  1953;  J e n s e n  and  F r i t z ,  1960; R i c h a r d s ,  1963;  B a r a n a ,  L969;
S i  k o r a  e t  il^. , 1 9 7 2 ;  V i n o g r a d o v ,  1972;  Bowman, 1 9 7 5 ;  Maurer  a n d  
Bowman, 1975;  Bowman a t  a l .  , 1 9 7 6 ) .
D i v e r s i t y  and S e a s o n a l i t y  o f  P r e y  A v a i l a b i l i t y
The d i e t s  o f  s e v e r a l  o u t e r  s h e l f  f i s h e s  w e r e  q u i t e  d i v e r s e .  JL 
e r i n q c e a  fed on a t  l e a s t  107 s p e c i e s ,  U. c h u a s  f e d  on ab o u t  J 30 
S p e c i e s ,  S. c h r y s o p s  fed  o n  106 s p e c i e s ,  and C. a r c  t  i  f ronfi  f e d  otl 
a b o u t  70 p rey  s p e c i e s .  O t h e r  p r e d a t o r s  such  a s  U. r e g i u s  (45  s p e c i s e  
o f  p r e y )  and M. b i  1 i n e q r i 9 (51 s p e c i e s  of  p r e y )  w ere  somewhat more  
s p e c i a l i z e d  in  t h e i r  d i e t ,  JJ. a m e r i c a n u s  was  e v e n  more r e s t r i c t e d  i n  
i t s  d i e t  (39 s p e c i e s ) ,  f e e d i n g  m a i n l y  un a few s p e c i e s  o f  d e c a p o d s  and 
am p h ip o d s .  Ji. o b l o n g a  (34 s p e c i e s )  was a l s o  more  s p e c i a l i z e d  i n  i t s  
d i e t ,  _L, q m e r i c a n u s  was t h e  m os t  s p e c i a l i z e d  p r e d a t o r ,  f e e d i n g  on 
o n l y  24 prey  s p e c i e s ,  m o s t l y  f i s h e s .
A l though  many s p e c i e s  o f  p r e y  were  c a n a u n e d  by t h e  f i s h  
c o o u u n i f y ,  o n l y  a  few s p e c i e s  p r e d o m i n a t e d  i n  t h e  d i e t  o f  e a c h
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p r e d a t o r .  Most ape t i e  a t h a t  w e re  i m p o r t a n t  i n  t h e  d i e t  o f  any one 
p r e d a t o r  were  a l a n  i m p o r t a n t  f o r  o t h e r  p r e d a t o r s  aa w e l l .  These 
s p e c i e s  i n c l u d e  t h e  am ph ipods  A n p e l i a c a  v a d o ru m , B y b l i *  s e r r a t e , 
B r i c h t h o n i u s  r u b r i c o r n i a  and U n c i a l s  i r r o r a t a . O t h e r  i m p o r t a n t  p r e y  
s p e c i e s  were  C an ce r  i r r o r a t u s , Crangon a e p t e m * p i n o s a . O ich & lo p an d a lu H  
l e p t o c e r u a  a n d  P i g s t y l i s  b i a p i n o s a .
In  a d d i t i o n  t o  t h o s e  p r e y  s p e c i e s  t h a t  w e r e  i m p o r t a n t  f o r  many 
p r e d a t o r s ,  some p re y  s p e c i e s  were  i m p o r t a n t  t o  o n l y  a few p r e d a t o r s .  
T h e s e  i n c l u d e d  such s p e c i e s  a s  Enn is  d i r e c t u s  ( p r e y e d  on  m a in ly  by R, 
e r i n e c e a ) . C lym enura  s p .  A ( p r e y  f o r  £ ,  a r c t i - f r o n s ) , Chone 
i n f u n d i b u l i f o r a i s  ( p r e y  f o r  S_. chryaopf l  and (3. a r t  i f  r o n s ) . Am p e l  i s c a  
a g a a s i z i  ( p r e y e d  on m a i n l y  by Ji. c h r y e o p s ) ,  f i s h e s  ( f e d  on by L., 
a n e r i c a n u f l  and s e a s o n a l l y  i m p o r t a n t  f o r  tJ. r e g i u s , JJ. o b l o n g a , and IM, 
b i  l i n e a r i s ) and c e p h a l o p o d a  ( i m p o r t a n t  f o r  U. r e g i u H . II, hi  l i n e a r *  3 > 
a n d  H, o b l o n g a ).
Many p r e y  s p e c i e s ,  m o s t l y  p l a n k t o n i c  i n v e r t e b r a t e s ,  were  o n l y  
s e a s o n a l l y  i m p o r t a n t  i n  th e  d i e t  o f  some p r e d a t o r s .  T h e s e  i n c l u d e d  
t h e  copepoda C e n t r o p a g e s  t y p i c u s  and P a r f l c a l a n u s  s p p . , h y p e r i i d  
am phipods ,  d eca p o d  l a r v a e ,  c h a e t o g n a t h s , l a r v a c e a n s ,  and j u v e n i l e  
f i s h E A ,  S e a s o n a l l y  i m p o r t a n t  b e n t h i c  i n v e r t e b r a t e s  i n c l u d e d  D i a a i y l  i s  
BCU l £ t  a, G i ro  1a n a  p o l i t a , T r i c h o p h o a u s  e p i a t o n u s , Monocu1odes  
edw ard js i ,  D i c h e l o p a n d a l u s  l e p t o c e r u s , a n d  C ra n g o n  a e p t e m a p i n o s a ,
However ,  most  b e n t h i c  food  i t e m s  were e q u a l l y  i m p o r t a n t  i n  t h e  d i e t  o f  
t h e  p r e d a t o r s  d u r i n g  a l l  s e a s o n s ,  r e f l e c t i n g  t h e  t e m p o r a l  p e r s i s t e n c e  
(B o e a c h ,  1979) of  p o p u l a t i o n s  o f  mac r u b e n t h o s  on t h e  s h e l f .  The
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s e a s o n a l  i m p o r t a n c e  o f  p l a n k t o n i c  p r e y  i n  t h e  d i e t  i s  r e l a t e d  t o  two 
f a c t o r s .  The f i r s t  i s  t h e  s i z e  c l a s s  c o m p o s i t i o n  o f  t h e  p r e d a t o r s .  
S m a l l e r  r e d  a n d  s i l v e r  hake  p r e s e n t  i n  t h e  F a l l  and t a m e r  co n s i s te d  
more  c o p e p o d s  and  h y p e r i i d s .  S e a s o n a l  i m p o r t a n c e  o f  p e l a g i c  food 
i t e m s  i e  a l s o  r e l a t e d  t o  a b u n d a n c e  o f  t h e s e  t a n a  i n  t h e  n e a r - b o t t o m  
p l a n k t o n  com m un i ty .  C h a e t o g n a t h s  were  p r o b a b l y  c o n c e n t r a t e d  n e a r  t h e  
b o t t o m  i n  w i n t e r  and  s p r i n g ,  when t h e y  were  i m p o r t a n t  food  f o r  
d e m e r s a l  f i s h e s .  L a r v a l  s t a g e s  o f  d e c a p o d s  were  a l s o  s e a s o n a l l y  
i m p o r t a n t ;  t h i s  i s  r e l a t e d  t o  t h e  s e a s o n a l  a b u n d a n c e  o f  t h e s e  s t a g e s  
i n  t h e  p l a n k t o n  ( G r a n t ,  1 9 7 6 ) ,
E v i d e n c e  o f  s e a s o n a l  p rey  s w i t c h i n g  (M urdoch ,  a H  , 1975;  Love 
and E b e l i n g ,  1 978 )  i s  p r e s e n t  f o r  some p r e d a t o r s .  For  e x a m p l e ,  S, 
s l a g a n s  was a b s e n t  f rom t h e  d i e t  o f  l a r g e  r e d  h a k e  p r e s e n t  i n  t h e  
s t u d y  a r e a  i n  w i n t e r .  In  s p r i n g ,  h o w e v e r ,  3^ . e l a g a n s  was t h e  most  
a b u n d a n t  p r e y  s p e c i e s  c o n s m e d  by r e d  h a k e .  T h i s  p r o b a b l y  r e p r e s e n t s  
an o p p o r t u n i s t i c  s w i t c h i n g  in r e d  h a k e  a s  c h a e t o g n a t h s  become a b u n d a n t  
i n  t h e  n e a r  b o t t o m  p l a n k t o n .  T h i s  s w i t c h i n g  was  i n d e p e n d e n t  o f  
p r e d a t o r  s i z e :  i . e . ,  l a r g e r  r e d  h a k e  p r e s e n t  i n  w i n t e r  and  s p r i n g
s w i t c h e d  f rom a d i e t  d o m in a te d  by b e n t h i c  a m p h ip o d s  i n  t h e  w i n t e r  t o  a 
d i e t  d o m i n a t e d  by c h a e t o g n a t h s  i n  t h e  s p r i n g .  O t h e r  p r e d a t o r s  a l s o  
s w i t c h e d  s e a s o n a l l y  b e t w e e n  b e n t h i c  and p l a n k t o n i c  p r e y ,  M. 
b i 1 i n f e a r i a  d e m o n s t r a t e d  a s i m i l a r  s w i t c h i n g  t o  c h a e t o g n a t h s  and CL 
a r c t  i f r o n a  s w i t c h e d  t o  p l a n k t o n i c  l a r v a c e a n s  i n  t h e  s p r i n g .  Love and 
E b e l i n g  ( 1 9 7 6 )  n o t e d  t h a t  f i s h e s  t h e y  s t u d i e d  s w i t c h e d  t o  a more 
p l a n k t o n i c  d i e t  i n  w i n t e r  and s p r i n g  when p l a n k t o n  v o l u n e s  w e re  h ig h
U 3
i n  t h e i r  s t u d y  a r e a  o r  when o t h e r  food  may h a v e  b e e n  r e l a t i v e l y  
s c a r c e .  T h e re  w e r e  s i m i l a r  i n c r e a s e s  in  p l a n k t o n  i n  s p r i n g  i n  t h e  
M id d le  A t l a n t i c  B i g h t .  I n c r e a s e d  f e e d i n g  on S_, e l e g a n a  i n  s p r i n g  i e  
r e l a t e d  t o  an a p p e a r a n c e  o f  b o r e a l  s o o p l a n k t o n ,  w h ich  were a b u n d a n t  
f o l l o w i n g  t h e  s e v e r e  w i n t e r  o f  1977 ( G r a n t ,  1979;  p e r s o n a l  
c o m m u n i c a t i o n ) .  As c o n c l u d e d  by Love and R b e l i n g  ( 1 9 7 8 ) ,  t h e  s e a s o n a l  
s w i t c h i n g  i n  p r e y  s e l e c t i v i t y ,  i n  t h i s  c a s e  t o  d i f f e r e n t  p r e y  t y p e s  -  
i . e . ,  b e n t h i c  v s .  p e l a g i c  — p r o b a b l y  r e f l e c t s  an i n c r e a s e d  r e l a t i v e  
a b u n d a n c e  o r  a v a i l a b i l i t y  o f  t h e s e  p rey  s p e c i e s .  S i n c e  b e n t h i c  
p o p u l a t i o n s  r e m a i n  r e l a t i v e l y  c o n s t a n t  (B o es ch  e t  a j . , 1978; B o e s c h ,  
1 9 7 9 ) ,  t h i s  i s  p r o b a b l y  due t o  an  i n c r e a s e  i n  n e a r  b o t t o m  a o o p l a n k t o n ,  
e s p e c i a l l y  c h a e t o g n a t h s  and L a r v a c e a n s .  I n c r e a s e d  i m p o r t a n c e  o f  
d e c a p o d  l a r v a e  i n  t h e  d i e t  o f  many f i s h e s  (R .  e r i n s c e g , U. c h u s s , H., 
b i l i n e a r  i s , M. ataer  i c a n u s ) in  t h e  sunnier nay  a l s o  r e f l e c t  t h i s  
phenom enon .
P r e d a t o r  S i z e  and F e e d i n g  S t r a t e g y
The food h a b i t s  o f  d o m i n a n t  s h e l f  f i s h e s  were found  t o  c h a n g e  
c o n s i d e r a b l y  w i t h  s i z e ,  a phenomenon found i n  o t h e r  f i s h e s  ( T y l e r ,
1972;  K o ss j  1 9 7 0 ;  W erne r ,  1 9 7 9 ) .  F o r  most p r e d a t o r s  t h i s  c h a n g e  
r e s u l t e d  from a s w i t c h  t o  d i f f e r e n t ,  l a r g e r ,  p r e y  t a x a .  Many 
p r e d a t o r s  (R, e r i n a c e a , U. c h u s s , JJ, r e g i u s  , and  M, b i  1 i n e a r  i a ) fed  on 
i n c r e a s i n g  numbers  o f  s i m i l a r l y  s i z e d  s m a l l  food  i t e m s ,  up t o  a 
c e r t a i n  l e n g t h .  At t h i s  p o i n t  t h e r e  was a r a p i d  i n c r e a s e  in  mean p r e y  
s i t e  f o r  l a r g e r  p r e d a t o r s ,  w i t h  a c o n c o m i t a n t  d e c r e a s e  in  t h e  n i n b e r  
o f  p r e y  consum ed .  An a n i m a l  which  f e e d s  o p t i m a l l y  s h o u l d  s e l e c t  food
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o f  g r e a t e r  b i o m a s s ,  c a l o r i c  v a l u e ,  h a n d l i n g  e a s e  o r  c a t c h a b i l i t y  p e r  
u n i t  o f  t im e  ( S c h o e n e r ,  1971 ;  G r i f f i t h s ,  1 9 7 5 ) .  S c h o e n e r  ( 1 9 7 1 )  
p r e d i c t e d ,  f rom  o p t i m a l  f o r a g i n g  m o d e l s ,  t h a t  food  s i z e  s h o u l d  
d e c r e a s e  w i t h  d e c r e a s i n g  p r e d a t o r  s i z e ,  and do  so a s y m p t o t i c a l l y .  
Numerous e x a m p le s  d e m o n s t r a t e  t h e  t r e n d  of  h i s  p r e d i c t i o n ,  b u t  
e v i d e n c e  fo r  an a s y m p t o t e  h a s  b e e n  s p a r s e ,  and  one  s t u d y  i n d i c a t e d  i t  
d i d  n o t  o c c u r  ( S c h o e n e r ,  1 9 7 1 ) .  Most s h e l f  f i s h e s  s t u d i e d  ( F i g s .  6 ,
11 ,  15,  20,  2 5 ,  3 9 ,  44 )  d e m o n s t r a t e  t h i s  phenom enon ,  h u t  t h e r e  a r e  
e x c e p t i o n s .  II. s a e r i c s n u s  ( F i g .  30) f e e d s  h e a v i l y  on s m a l l  food  i t em s  
th r o u g h o u t  i t s  s i z e  r a n g e ,  w i t h  l a r g e r  f i s h  r e t a i n i n g  s m a l l  p r e y  in  
t h e  d i e t ,  w h i l e  b r o a d e n i n g  t h e i r  f e e d i n g  t o  i n c l u d e  l a r g e r  p r e y  i t e m s  
( F i g .  2 9 ) .  S_. c h r y a o p s  u n d e r g o e s  s  marked c h a n g e  i n  p r e y  s i z e
p r e f e r e n c e  b e t w e e n  100 and 150 mm s t a n d a r d  l e n g t h  ( F i g .  3 4 ) ,  b u t  th e n  
p r e y  s i z e  r e m a i n s  r e l a t i v e l y  c o n s t a n t .  T h e r e  i s  no a s y m p t o t e  a t  t h e  
lo w e r  end of  t h e  l e n g t h  r a n g e  f o r  fi. c h r y s o p s .
S choener  ( 1 9 7 1 )  a l s o  p r e d i c t e d ,  w i t h  s u p p o r t i n g  s t u d i e s ,  t h a t  
l a r g e r  p r e d a t o r s  s h o u l d  t a k e  a g r e a t e r  s i z e  r a n g e  of  food  and  t h a t  
fo o d  d i v e r s i t y  ( i . e . ,  number o f  p r e y  t y p e s  o r  s p e c i e s )  s h o u l d  be 
g r e a t e r  in  Large  a n i m a l s ,  u n l e s s  a v a i l a b l e  s m a l l  p r e y  a r e  s u f f i c i e n t l y  
more  d i v e r s e .  I n  t h o s e  p r e d a t o r s  f o r  w h ich  b e n t h i c  p r e y  d o m i n a t e d  
( a l l  e x c e p t  L. amerce anus  and  M. b i l  i n e a r  i s ) , s uch  a r e l a t i o n s h i p  i s  
e v i d e n t  fo r  p r e y  t y p e s .  A l t h o u g h  a m p h ip o d s ,  t h e  d o m in a n t  p r e y  f o r  
s m a l l e r  p r e d a t o r s ,  d e c r e a s e  i n  a b u n d a n c e ,  t h e y  r e m a i n  r e l a t i v e l y  
C O m aO n  in t h e  d i e t  o f  Large f i s h  even  a s  o t h e r  l a r g e r  p r e y  i t e m s  a r e  
a d d e d .  However,  l a r g e  p r e y  i t e m s  i n c l u d e  t h e  couch l e s s  d i v e r s e
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d eca p o d *  and l a r g e r  p o l y c h a e t e s ,  The h i g h  d i v e r s i t y  o f  a v a i l a b l e  
em ai l  p r e y  ( a m p h i p o d s ,  i s o p o d a ,  c u t m c e a n s )  r e s u l t  i n  s m a l l e r  f i s h e s  
h a v i n g  a m a re  d i v e r s e  d i e t ,  a t  t h e  s p e c i e s  l e v e L .
C hanges  i n  fo o d  h a b i t s  and f e e d i n g  s t r a t e g y  w i t h  i n c r e a s i n g  s i z e  
may be c o r r e l a t e d  w i t h  o t h e r  o n t o g e n e t i c  c h a n g e s  i n  t h e  e c o l o g y  o f  a 
f i s h ,  f o r  e x a m p le  t e m p e r a t u r e  p r e f e r e n c e  (Magnuson  e t  a l . ,  1 9 7 9 ) .
Many e c o l o g i c a l  s u r v e y s  o f  f i s h e s  ( e . g ,  tyeciner, 1978 ;  Wenner e t  a l . , 
1 9 79 ;  M u s t e k ,  1979 ;  Muaick et^ a l , , 1979)  h a v e  d e s c r i b e d  community 
s t r u c t u r e ,  s p e c i e s  a s s e m b l a g e s ,  d i s t r i b u t i o n  and a b u n d a n c e  b a s e d  
s o l e l y  on  s p e c i e s  i d e n t i f i c a t i o n .  P e r h a p s  s u b d i v i d i n g  t h e  s p e c i e s  
i n t o  f u n c t i o n a l  e n t i t i e s  su ch  a s  e c o l o g i c a l  t y p e s  ( E d w a r d s ,  1976)  o r  
l i f e  h i s t o r y  s t a g e s  ( M u s t e k ,  1974)  would be more i n s t r u c t i v e .  T h i s  
would  be p a r t i c u l a r l y  u s e f u l  w here  t h e r e  i s  a  s h a r p  e c o l o g i c a l  
g r a d i e n t ,  a s  o n  t h e  c o n t i n e n t a l  s l o p e  ( M u s i c k ,  1 9 7 9 ) ,  where  t h e  
im p in g em en t  o f  t h e  m e e o p e l a g i c  f a u n a  can  a f f e c t  f o o d  h a b i t s  and o t h e r  
L i f e  h i s t o r y  a s p e c t s ,  r e s u l t i n g  i n  s w i t c h i n g  i n  L i f e  h i s t o r y  t a c t i c s  
w i t h  s i z e  a n d  m a t u r i t y  ( H a e d r i c h  and H e n d e r s o n ,  1 9 7 4 ;  P e a r c y  and 
A m b le r ,  1 9 74 ;  S e d b e r r y  a n d  M ua ick ,  1978;  M ark le  a n d  t f e n n e r ,  1 9 7 9 ) ,
S e l e c t i v i t y  o n  t h e  M a c r o b e n t h o a
P a t t e r n s  o f  s e l e c t i v i t y  w i t h  r e s p e c t  t o  p r e y  a b u n d a n c e  and 
h a b i t a t  s t r a t a  h a v e  b e e n  p r e s e n t e d  f o r  a l l  i m p o r t a n t  p r e y  s p e c i e s  f o r  
e a c h  p r e d a t o r ,  A r e v i e w  o f  t h e s e  p a t t e r n s  f o r  e a c h  i m p o r t a n t  p rey  
s p e c i e s  i s  i n  o r d e r .
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S e v e r a l  p r e y  s p e c i e s  g e n e r a l l y  found i n  L w  r e l a t i v e  a b u n d a n c e  i n  
moat  s t r a t a  w ere  a b u n d a n t  i n  o n l y  a few s t r a t a .  I t  waa o n l y  i n  t h e s e  
s t r a t a  t h a t  t h e y  w ere  i m p o r t a n t  food  i t e m s .  CL i n f u n d i b u l  i f o r m i s  waa 
low i n  r e l a t i v e  a b u n d a n c e  i n  a r e a  B, but  was v e r y  a b u n d a n t  in  t h e  
s w a l e s  and s h e l f  b r e a k  i n  a r e a  E (B oeac h ,  1 9 7 9 ) ,  and  was v e ry  
i m p o r t a n t  in  t h e  d i e t  o f  c h r y s o p a  i n  t h e s e  h a b i t a t s .  P r e d a t i o n  by 
JJ. c h u s *  and JJ- o b l o n g a  o n  JJ. * e r  r a  t a , a n d  JJ. e h r y a o p s  o n  A. a g a s s i z i  
and IJ. a e r r a t a  a l s o  d e m o n s t r a t e  t h i s  p a t t e r n ,  A r n t z  ( 1 9 7 8 )  s u g g e s t e d  
t h a t  i f  t h e  a b u n d a n c e  o f  a p r e y  s p e c i e *  f a l l s  bel ts*  a  c e r t a i n  l e v e l ,  
i t  i s  a p p a r e n t l y  no l o n g e r  w o r t h w h i l e  f o r  t h e  f i s h  t o  s e a r c h  f o r  i t .  
S w i t c h i n g  t o  d i f f e r e n t  p r e y  i n  r e l a t i o n  t o  p rey  a b u n d a n c e  h a s  b e e n  
docu m en ted  f o r  p r e d a t o r s  (M urdoch  e_t^  o K  , 1975;  Love and E b e L in g ,
1 9 7 6 ) .  S w i t c h i n g  i a  e v i d e n t l y  i n d u c e d  by t h r e s h o l d  p r e y  d e n s i t i e s  
( C a m p b e l l ,  1979 ;  P y k e ,  1 9 7 9 ) .  As d e n s i t i e s  o f  c e r t a i n  m a c r o b e n t h i c  
s p e c i e s  i n c r e a s e  i n  c e r t a i n  h a b i t a t s ,  p r e d a t o r s  may o p p o r t u n i s t i c a l l y  
s w i t c h  t o  t h e s e  d i f f e r e n t  p r e y  a s  t h e y  a p p r o a c h  t h e  t h r e s h o l d  L ev e l  o f  
d e n s i t y  o r  a b u n d a n c e .
O t h e r  i m p o r t a n t  p r e y  s p e c i e s ,  m a in ly  d e c a p o d s ,  w e r e  found  in  Low 
r e l a t i v e  ab u n d an c e  i n  g r a b  s a m p l e s  in a l l  s t r a t a ,  b u t  w ere  p o s i t i v e l y  
s e l e c t e d  f o r  by many p r e d a t o r s .  Thus d e c a p o d  p r e d a t o r s  such  a s  
JJ. e r i n a c e a ,  JJ, r e g i u s . M. b i  l i n e a r i s ^  and o c c a s i o n a l l y  £ ,  c h r y s o p a  
and H, o b lo n g a  g e n e r a l l y  showed h i g h  p o s i t i v e  s e l e c t i v i t y  f o r  C a n c e r  
i r r o r a t u s , C r a n g o n  s e p t e m a p i n p g q , and IJ. l e p t o c e r u g . A l t h o u g h  
p o s i t i v e  e l e c t i v i t y  v a l u e s  may r e s u l t  f rom  t h e  f a c t  t h a t  t h e  g r a b  d o e s  
n o t  a c c u r a t e l y  s a m p l e  l a r g e  m o b i l e  d e c a p o d s ,  o v e r - r e  p r e s e n t  a t  i o n  i n
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t h e  d i e t  o f  L a rg e r  p r e y ,  such  ** decapod*  i n  t h e  p r e s e n t  s t u d y ,  h a a  
b e e n  n o te d  f o r  b e n t h i c  f e e d i n g  f i s h e s  i n  g e n e r a l  ( H y a t t ,  2 9 7 9 ) .
Many p r e y  s p e c i e s  f Luc t a s t e d  i n  a b u n d an c e  m o n g  t h e  s t r a t a ,  and 
abundance  o f  t h e s e  p r e y  in  f i s h  s to m a c h s  g e n e r a l l y  f o l l o w e d  t h e  
ab u n d an c e  p a t t e r n  i n  t h e  b e n t h o s ,  r e s u l t i n g  i n  low t o  m o d e r a t e l y  
p o s i t i v e  or  n e g a t i v e  e l e c t i v i t y  v a l u e s  i n  s t r a t a  where t h e y  were  
c o n s u a e d  „ A l t e r n a t i v e l y ,  a b u n d a n c e  i n  s to m a c h *  f l u c t u a t e d  g r e a t l y  
among th e  s t r a t a  w i t h o u t  any r e l a t i o n  t o  a b u n d a n c e  i n  t h e  b e n t h o s .
F o r  example* C ly m en u ra  sp ,  A, JT. e p i s t o n u s , JJ. s e r r a t a , IJ. i r r o r a t a , 
and  A, vadorum were  more  a b u n d a n t  on t e r r a c e ,  r i d g e  and  e r o d e d  f l a n k  
s t r a t a ,  and E_. r u b r i c o r n i s  v a t  more  a b u n d a n t  o n  f l a n k s  and  in  s w a l e s .
11. e r i n a c e a  and  LJ. c h u a s  p r e d a t i o n  on s e r r a t a  and A  ^ v a d o r u m ; Ji» 
b i l i n e a r  i s  p r e d a t i o n  on  A. v g d o r i s a ; and S,  c h r y a o p s  p r e d a t i o n  on U. 
i r r o r a t a  d e m o n s t r a t e  t h e  f i r s t  p a t t e r n .  E x a m p le s  o f  t h e  L a t t e r  
p a t t e r n  a r e  numerous  and  i n c l u d e  JJ. e r i n a c e a  p r e d a t i o n  on T'. a p i s  t o n u s  
and E. r u b r  i c o r n i s ; a n d  JJ. c h u a s  p r e d a t i o n  on  JJ. i r r o r a t a  and  JJ. 
r u b r i c o r n i a .
O th e r  i m p o r t a n t  i n v e r t e b r a t e  p r e y  were p r e s e n t  i n  law a b u n d a n c e  
or  were a b s e n t  from same s t r a t a .  They were g e n e r a l l y  Low i n  r e l a t i v e  
a b u n d an c e  i n  f i s h  s to m a c h s  b u t  were  c e n s u r e d  i n  m o d e r a t e  numbers  in  
some s t r a t a .  E l e c t i v i t y  v a l u e s  f o r  t h e s e  s p e c i e H  f l u c t u a t e d  g r e a t l y  
from s t r a t u m  t o  s t r a t u n .  Such s p e c i e s  i n c l u d e d  C, b i s p i n o a a . E. 
d i r e c t u s , JJ. v e n u s t u l a , JJ. h o l b o l  1 i . G. d i b r a n c h i a t a , o s t r a c o d s ,  and 
£ .  pamia .
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Many d o m i n a n t  s p e c i e *  ( T a b l e  2) i n  t h e  b e n t h o s  a r e  u n i m p o r t a n t  in 
t h e  d i e t  o f  d o m i n a n t  f i s h e s  on  t h e  o u t e r  a h e l f .  A l t h o u g h  many s h e l f  
f i s h e s  a p p e a r  t o  h a v e  d i v e r s e  ( T a b l e s  3 - 1 1 )  a n d  e u r y p h a g o u s  food  
h a b i t s ,  t h e y  a r e  a c t u a l l y  r a t h e r  s e l e c t i v e  when t h e  s p e c i e *  
c o m p o s i t i o n  o f  t h e i r  d i e t s  i s  com pared  w i t h  t h e  p r e y  c o m m u n i t i e s .  
A p p a r e n t  n e g a t i v e  s e l e c t i v i t y  f o r  many d o m i n a n t  b e n t h i c  s p e c i e s  c a n  he 
a c c o u n t e d  f o r  i n  s e v e r a l  w ays .  F i r s t ,  t h e  i n v e r t e b r a t e s  may be  
u n p a l a t a b l e ,  b u t  t h i s  i s  d i f f i c u l t  t o  q u a n t i f y ,  and  t h e  e f f e c t  o f  
u n p a l a t a b i l i t y  o n  f i s h  p r e d a t i o n  h a s  b e e n  l i t t l e  s t u d i e d  ( R i n g l e r ,
1 9 7 9 ) .  Some o f  t h e  d o m i n a n t  m a c r o b e n t h i c  i n v e r t e b r a t e s  ( s u c h  a s  
M a r p h y a  b e l l i i , L u m b r i n e r i s  im p a t  i e n s , L_. l a t r e i l l  i  , C. 
i n f u n d i b u l i  f o rm i  a , E u ch o n e  i n c o l o r , O n u p h i s  p a l l i d u l a , N o to m a * tu s  
l a t e r i c e u a  , Exogene  v e r u f t e r * , S c a l i b r e g m *  i n f  l a t u m , S c o l o p l o s  
a c n e c e p s , and  F h o t i a  d e n t a t a ) a r e  o n l y  a b u n d a n t ,  o r  much more  a b u n d a n t ,  
o n  t h e  c e n t r a l  and o u t e r  s h e l f  and i n  some c a s e s  o n l y  i n  a few s t r a t a  
on  t h e  o u t e r  s h e l f  ( B o e a c h ,  1 9 7 9 ) .  A, a g a s s i z i  , i n  p a r t i c u l a r ,  i s  
o n l y  l o c a l l y  a b u n d a n t  on  t h e  o u t e r  s h e l f .  F i s h e s  a r e  known t o  be  
s e l e c t i v e  f o r  p r e y  t o  w h ic h  t h e y  h a v e  b e e n  p r e v i o u s l y  a c c u s t o m e d  
( I v l e v ,  1961 ;  D u r b i n ,  1 9 7 9 ) .  S h e l f  f i s h e s ,  w h ich  a r e  g e n e r a l l y  w i d e l y  
d i s t r i b u t e d  b o t h  l a t i t u d i n a l l y  a n d  a c r o s s  t h e  s h e l f ,  may n o t  h a v e  a 
w e l l  formed ’’s e a r c h  im ag e” ( C u r i o ,  1976 ;  D u r b i n ,  1979)  f o r  t h e s e  
L o c a l l y  a b u n d a n t  s p e c i e s ,  and t h u s  may n o t  b e  a b l e  t o  f u l l y  u t i l i z e  
th e m .  A. a p a a s  in i , f o r  e x m p l e ,  i n  s p i t e  o f  g r e a t  l o c a l  a b u n d a n c e  
(D o e s c h ,  1979 ;  T a b l e  2) was o n l y  u t i l i z e d  a s  an i m p o r t a n t  p r e y  s p e c i e s  
by i5. c h r y s o p a  i n  t h e  f a l l .
Some o f  t h e  above  d o m i n a n t  m a c r o b e n t h i c  s p e c i e s ,  and o t h e r s  
(T ab le  2 ) ,  nay n o t  be a v a i l a b l e  t o  p r e d a t o r *  due t o  t h e i r  s n a il  s i z e  
o r  l i f e  h i s t o r y .  F r e y  a i z e  i s  c e r t a i n l y  a f a c t o r  i n  t h e  s e l e c t i o n  o f  
p rey  by f i s h e s  ( I v l e v ,  1 9 6 1 ;  L e v i n g H , 1974;  Werner and H a l l ,  1974 ;  
Ross ,  1977 ;  W e rn e r ,  1979;  p r e s e n t  s t u d y ) ,  and f i s h  h a v e  b e e r  o b s e r v e d  
t o  s e l e c t  t h e  l a r g e s t  a v a i l a b l e  p r e y  i n  l a b o r a t o r y  e x p e r i m e n t s  ( I v l e v ,  
1961; W erner  apd H a l l ,  1 9 7 4 ) .  Some a b u n d a n t  o a c r o - i n v e r t e b r a t e H  a r e  
smal l  i n f a u n a l  fo rm s  ( F o l j r j o r d i u a  *p .  , G o n i jd e  11a g r a c i  l u s .
C a u l l e r i e l  La a p . , L u m b r i n e r i d e a  a c u t a , Exogene h e b e s , J£. v e r u g e r a ) f 
o t h e r *  a r e  d e e p  b u r r o w e r s  ( N o t o n a s t u s  l a t e r i c e u i , L u m b r i n e r i s  
imp a t  i e n s , L.. l a t  r e  i l l  i  , S c o l o p l o s  acmecopa , S c a l i b  regm a i n f  Latum , 
Aglaophpzm s c i r c i n a t a , and M arphysa  b e l l i i ) ,  o r  d e e p  l i v i n g  tu b e  
d w e l l e r s  ( Euc lym ene  c o l  L a r i s ) ( B o e a c h ,  1979) and  may be  u n a v a i l a b l e  t o  
a l l  b u t  s p e c i a l i z e d  p r e d a t o r s .  O t h e r s  ( C y c l o c a i d i a  b o r & a l i a ) a r e  
p r o t e c t e d  from p r e d a t i o n  by h a r d  s h e l l s .  O th e r  a b u n d a n t  s p e c i e s  may 
be a v o i d e d  due t o  t h e i r  low e n e r g y  c o n t e n t .
E l e c t i v i t y  a n a l y s e s  w ere  l i m i t e d  t o  f a l l  s a m p l e s ,  and e l e c t i v i t y  
p a t t e r n s  and  p r e d a t i o n  p r e s s u r e  w i t h i n  t h e  s t r a t a  may c h a n g e  
c o n s i d e r a b l y  s e a s o n a l l y  a* p r e d a t o r  s p e c i e s  and s i z e  c l a s s  c o m p o s i t i o n  
ch a n g e .  S e a s o n a l l y ,  r e d u c e d  p r e d a t i o n  p r e s s u r e  on m a c r d b e n t h o s  a* 
p r e d a t o r s  s w i t c h  t o  l a r g e r  m e g a b e n t h i c , p l a n k t o n i c  o r  n e k t o n i c  s p e c i e s  
may a l l o w  p o p u l a t i o n *  g f  a a c r o b e n t h o a  t o  m a i n t a i n  t h e m s e l v e s .  in  
a d d i t i o n ,  p r e d a t i o n  p r e s s u r e  i s  n o t  u n i f o r m l y  d i s t r i b u t e d  s i n c e  f i s h e s  
a r e  h i g h l y  m o b i l e  and g e n e r a l l y  c o n t a g i o u s l y  d i s t r i b u t e d .  P a t t e r n s  o f  
s e l e c t i v i t y ,  and t h u s  p r e d a t i o n  p r e s s u r e  w i t h  r e i p e r t  t o  h a b i t a t
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s t r a t a ,  n a y  ch an g e  d a i l y  o r  e v e n  on  a s h o r t e r  t i n e  s c a l e .  A l th o u g h  
■ oaa p r e d a t o r s  Fed on a b u n d a n t  p o p u l a t i o n s  o f  s o u  p r e y  s p e c i e s  w h i c h  
were  l i m i t e d  t o  c e r t a i n  s t r a t a ,  a l l  p r e d a t o r s  were g e n e r a l l y  w id e ly  
d i s t r i b u t e d  among th e  s t r a t a  and  a r e  n o t  l i m i t e d  t o  f e e d i n g  i n  c e r t a i n  
s t r a t a .  In  a d d i t i o n ,  many o f  t h e  i m p o r t a n t  p rey  s p e c i e s  (IJ. i r r o r a t a ,
E^ r u b r i c o r n i s , A. vadorum, s e r r a t a . C a n c e r  i r r o r a t u s , II. 
l e p t o c e r m . C^ . s e p t e n s p i n o s a , C lym enura  s p .  A) a r e  u b i q u i t o u H  and 
abundan t  a c r o s s  t h e  c e n t r a l  and o u t e r  s h e l f  (Boeach «  a j .  , 1978;
Boesch ,  1 9 7 9 ) .  P r e d a t o r s  w hich  fed  s e l e c t i v e l y  on t h e s e  s p e c i e s  o n l y  
i n  c e r t a i n  s t r a t a ,  a r e  not  l i m i t e d  i n  t h e i r  d i s t r i b u t i o n  t o  t h e s e  
s t r a t a ,  b u t  a r e  a b l e  t o  f i n d  t h e s e  p r e y  s p e c i e s  o v e r  w id e  a r e a s  o f  t h e  
s h e l f .  Some p r e y  s p e c i e s ,  h o w e v e r ,  ( e . g .  A. a g a s s i z i  ) a r e  l o c a l l y  
q u i t e  a b u n d a n t  and may c a u s e  f e e d i n g  a g g r e g a t i o n s  o f  f i s h e s  t h a t  
p r e f e r  t h e s e  p r e y .
P r e d a t i o n  c a n  be an i m p o r t a n t  f a c t o r  c o n t r o l l i n g  t h e  s t r u c t u r e  o f  
b e n t h i c  com muni t ieH  ( V i r n s t e i n ,  19 7 7 ,  1979 ;  P e t e r s o n ,  1 9 7 9 ) .
S e l e c t i v e  p r e d a t i o n  on p r o l i f i c  p r e y  s p e c i e s  keeps  t h e  p o p u l a t i o n  
l e v e l s  of  t h e s e  s p e c i e s  low ,  a l l o w i n g  more s p e c i e s  t o  c o - e x i s t  in  t h e  
same h a b i t a t .  The heavy p r e d a t i o n  m o r t a l i t y  e x e r t e d  t h r o u g h  s e l e c t i v e  
p r e d a t i o n  by d e m e r s a l  s h e l f  f i s h e s  on a m p e l i s c i d  a n d ,  e s p e c i a l l y ,  
c o r o p h i i d  am phipods  may k e e p  p o p u l a t i o n s  o f  t h e s e  p r o l i f i c  s p e c i e s  
from c o m p l e t e l y  d o m i n a t i n g  t h e  b e n t h i c  com m un i ty ,  t h u s  c o n t r i b u t i n g  t o  
t h e  h igh  d i v e r s i t y  (Boesch ,  a_l, , 1978;  B o e s c h ,  1979) found  in  
m a c r o b e n th i c  com m uni t ie s  on t h e  o u t e r  s h e l f .
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O v e r l a p  i n  D i e t
M oat p r e d a t o r  s p e c i e s  w e re  s e l e c t i v e  on t h e  m a c r o b e n t h o s ,  
p a r t i c u l a r l y  on c o r o p h i i d  and a m p e l i s c i d  a m p h ip o d s ,  and  d e c a p o d s .
T h e s e  c r u s t a c e a n s  w e r e  i m p o r t a n t  f o o d  f a r  n a g t  p r e d a t o r s ,  a n d  t h e r e  
was c o n s i d e r a b l e  o v e r l a p  i n  d i e t .
C l u s t e r  a n a l y s i s  o f  p r e d a t o r  s p e c i e s  and  s i z e  c l a s s e s  b a s e d  on 
p r e y  s i m i l a r i t y  i n d i c a t e *  t h a t  i n t r a s p e c i f i t  a n d  i n t e r s p e c i f i c  d i e t  
o v e r l a p  r e l a t i o n s h i p s  c h a n g e  c o n s i d e r a b l y  w i t h  s e a s o n  and  w i t h  f i s h  
s i z e .  A l t h o u g h  t h e r e  was  c o n s i d e r a b l e  i n t e r s p e c i f i c  o v e r l a p  i n  d i e t ,  
t h e r e  i s  e v i d e n c e  f o r  i n t r a s p e c i f i c  food r e s o u r c e  p a r t i t i o n i n g .  S m a l l  
f i s h e s  o v e r l a p p e d  i n  d i e t  i n t r a s p e e i f i c a l l y  as  w e l l  a s  w i t h  s m a l l  
f i s h e s  o f  o t h e r  s p e c i e s .  The l a r g e r  f i s h e s  o f  t h e s e  s p e c i e s  a l s o  
e x h i b i t e d  i n t e r s p e c i f i c  d i e t a r y  o v e r l a p ,  bu t  f e d  q u i t e  d i f f e r e n t l y  
t h a n  t h e  j u v e n i l e s .  T h e s e  d i f f e r e n c e s  i n  d i e t  o v e r l a p  w i t h  s i z e  were  
c o r r e l a t e d  w i th  c h a n g e s  i n  f e e d i n g  s t r a t e g y  w i t h  i n c r e a s e d  f i s h  
L e n g th .  For o x a m p le ,  i n  f a l l  ( F i g .  4 9 ) ,  a l l  Jt, e r i n a c e a  r a n g i n g  
b e t w e e n  51-250  nan d i s c  w i d t h  a l l  f e d  s i m i l a r l y  and  were g r o u p e d  
t o g e t h e r  w i t h i n  a  l a r g e r  g r o u p  o f  s i m i l a r  f e e d e r s .  However s k a t e s  
l a r g e r  t h a n  250 m  d i s c  w id th  f e d  d i f f e r e n t l y  and were g r o u p e d  
t o g e t h e r  w i t h  o t h e r  l a r g e  d eca pod  f e e d e r s .  R, e r i n a c e a  d e m o n s t r a t e d  a 
m a rke d  ch an g e  i n  fo o d  h a b i t s  a t  250  nan ( F i g ,  5 )  w here  t h i s  s h i f t  i n  
food  o v e r l a p  r e l a t i o n s h i p s  o c c u r r e d .  The o t h e r  s p e c i e s  t h a t  g r o u p e d  
w i t h  II. e r  i n a c e a  a l s o  d e m o n s t r a t e d  a  p a r a l l e l  c h a n g e  i n  f e e d i n g  
s t r a t e g y  w i t h  i n c r e a s e d  s i z e .  T h u s ,  a l t h o u g h  i n t r a s p e c i f i c  c h a n g e *  in  
d i e t  w i t h  i n c r e a s e d  s i z e  may p r e v e n t  i n t r a s p e c i f i c  o v e r l a p  i n  d i e t ,
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c o n s i d e r a b l e  i n t e r s p e c i f i c  o v e r l a p  o c c u r r e d .  A l though  i n t r a s p e c i f i c  
and i n t e r s p e c i f i c  d i e t  o v e r l a p  r e l a t i o n s h i p s  changed  s e a s o n a l l y ,  i t  i i  
a p p a r e n t  t h a t  i n t r a s p e c i f i e  d i f f e r e n c e s  i n  f e e d i n g  a r e  a s  i m p o r t a n t  a s  
i n t e r s p e c i f i c  d i f f e r e n c e s  in  s t r u c t u r i n g  t h e  p r e d a t o r  com m un i ty .
S e v e r a l  r e a s o n s  may a c c o u n t  f o r  t h e  c o n s i d e r a b l e  amount o f  
i n t e r s p e c i f i c  o v e r l a p  in  d i e t  e x h i b i t e d  by s h e L f  f i s h e s .  O p t im a l  
f o r a g i n g  t h e o r y  p r e d i c t s  t h a t  a a  food  becomes  s c a r c e ,  p r e d a t o r s  w i l l  
t a k e  a w ide  v a r i e t y  o f  food  and s i m i l a r  p r e d a t o r *  o c c u p y i n g  t h e  same 
h a b i t a t  w i l l  c o n v e r g e  in  d i e t  ( P y k e  e t  a 1 . , 1 9 7 7 ) .  A l t e r n a t i v e l y ,  
some a u t h o r *  h a v e  h y p o t h e s i s e d  t h a t  a s  fo o d  d e n s i t y  l o w e r s ,  c o e x i s t i n g  
p r e d a t o r s  w i l l  s p e c i a l i z e  on d i f f e r e n t  p r e y  and Food o v e r l a p  w i l l  
d e c r e a s e .  C o n s i d e r a b l e  food o v e r l a p  would  o n ly  be e x p e c t e d  i f  Eood 
were  a b u n d a n t  ( J o n e s ,  1 9 7 6 ) .  Some f i e l d  s t u d i e s  s u p p o r t  t h i s  l a t t e r  
h y p o t h e s i s ,  a l t h o u g h  t h i s  may be  due t o  a l a c k  o f  m easurem en t  o f  
a c t u a l  r e s o u r c e  a v a i l a b i l i t y .  T h u s ,  K e a s t  ( 1965 )  and  Z a r e t  a n d  Rand 
(1971)  f o u n d  t h a t  f i s h e s  s p e c i a l i s e d  in  d i e t  and t h a t  i n t e r s p e c i f i c  
o v e r l a p  was a t  a minimum d u r i n g  t h e  f o o d - i m p o v e r i s h e d  s e a s o n .  Maximum 
food o v e r l a p  o c c u r r e d  when f o o d  l e v e l s  were  h i g h  [ a c e  a l s o  Etoas ( 1 9 7 7 )  
and Townsend and H i ld r e w  ( 1 9 7 9 ) ] .  T y l e r  ( 1 9 7 2 )  r e p o r t e d  l i t t l e  
o v e r l a p  i n  t h e  d i e t s  o f  n o r t h e r n  m a r i n e  d e m e r s a l  f i s h e s  and  c o n c l u d e d  
t h a t  food l i m i t a t i o n  l e d  t o  H p e c i a l i & a t i o n  and  food  r e s o u r c e  
p a r t i t i o n i n g .  The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  s h e l f  f i s h e s  a r e  
s e l e c t i v e  i n  t h e i r  f e e d i n g ,  b u t  t h a t  c o n H i d e r a b l e  i n t e r s p e c i f i c  
o v e r l a p  o c c u r s  in  d i e t .  The q u e s t i o n  r e m a i n s  w h e th e r  t h i s  o v e r l a p  i s  
due to  a f o o d  s h o r t a g e  ( P i a n k a ,  1976 ;  Pyke  -aK , 1977) o r  a food
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a b u n d a n c e  ( Z a r e t  and  R a n d ,  1971; R o s a ,  1977 ;  J o n e s ,  1 9 7 6 ) ,  Boesch  e t  
a l » {1978)  and Boeach  (1 9 7 9 )  r e p o r t e d  t h a t  d e n s i t y  and  a b u n d a n c e  o f  
m a c r o b e n th o s  on  t h e  o u t e r  a h e l f  w e re  g e n e r a l l y  h i g h  and p e r s i s t e n t  
y e a r - r o u n d ,  Walsh a t  a l .  (1978)  r e p o r t e d  an i n c r e a s e  i n  p l a n k t o n  
p r o d u c t i v i t y  i n  t h e  e a r l y  s p r i n g  and  s u g g e s t e d  mos t  o f  t h i s  
p r o d u c t i v i t y  waa t r a n a f e r e d  t o  t h e  b o t t o m .  T h i s  c o u l d  l e a d  t o  a  
s u p e r a b u n d a n c e  o f  fo o d  n e a r  and on t h e  b o t t o m  i n  t h e  s p r i n g .  I t  i s  
n o t e w o r t h y  t h a t  food o v e r l a p  among s h e l f  f i s h e s  was l o w e s t  i n  s p r i n g ,  
and t h a t  some o f  t h i s  waa due t o  n o r m a l l y  b e n t h i c  p r e d a t o r s  ( e . g .  U, 
c H u h b  and a r c t i f r o n s ) s w i t c h i n g  t o  p l a n k t o n i c  p r e y .  I t  a p p e a r s  
t h a t  min ima l  o v e r l a p  i n  d i e t  o f  s h e l f  f i s h e s  i n  t h e  p r e s e n t  s t u d y  i s  
a s s o c i a t e d  w i th  a s u p e r a b u n d a n c e  o f  p r e y  i n  t h e  s p r i n g ,  s u p p o r t i n g  t h e  
h y p o t h e s e s  of  o p t i m a l  f o r a g i n g  (Fyke  ^  a l .  , 1 9 7 7 ) .
The q u e s t i o n  w h e t h e r  t h e r e  i s  c o m p e t i t i o n  f o r  fo o d  mnong s h e l f  
f i s h e a  a l s o  r e m a in s  t o  b e  a n s w ered .  A l t h o u g h  t h e r e  was c o n s i d e r a b l e  
i n t e r s p e c i f i c  d i e t  o v e r l a p  among s h e l f  f i s h e s ,  o v e r l a p  n e e d  n o t  
n e c e s s a r i l y  l e a d  t o  c o m p e t i t i o n  u n l e s s  r e s o u r c e s  a r e  i n  s h o r t  s u p p ly  
( P i a n k a ,  1976) .  E x t e n s i v e  n i c h e  o v e r l a p  may a c t u a l l y  b e  c o r r e l a t e d  
w i t h  r e d u c e d  c o m p e t i t i o n  ( P i a n k a ,  1974,  1976 ;  J o n e s ,  1 9 7 8 ) .  Most 
s h e l f  f i s h e s  e x h i b i t e d  e x t e n s i v e  o v e r l a p  i n  h a b i t a t  and f o o d ,  bu t  i t  
i s  n o t  known i f  t h e s e  r e s o u r c e s  a r e  i n  s h o r t  s u p p l y .  P r e d a t o r  
e x c l u s i o n  e x p e r i m e n t s  on t h e  o u t e r  a h e l f  i n d i c a t e  t h a t  t h e  
m a c r o b e n t h i c  communi ty  i s ,  i n  p a r t ,  p r e d a t o r  c o n t r o l l e d  ( B o e s c h ,  1979)  
and t h a t  p o p u l a t i o n s  o f  c e r t a i n  s p e c i e s ,  i n c l u d i n g  t h o s e  i m p o r t a n t  aa  
p r e y  t o  f i s h e a  ( e . g .  c o r o p h i i d  a m p h i p o d s ) ,  may be k e p t  be low  c a r r y i n g
154
c a p a c i t y  by  f i s h  p r e d a t i o n .  W h e th e r  t h i s  p r e d a t i o n  p r e s s u r e  k e e p s  
p o t e n t i a l  p r e y  i n  s h o r t  a u p p l y  ia  unknown.
A l t h o u g h  p r e d a t o r *  d e m o n s t r a t e d  c o n s i d e r a b l e  d i e t  o v e r l a p ,  e a c h  
p r e d a t o r  h a d  a d i v e r s e  d i e t  and f e d  s e l e c t i v e l y  on some p r e y  i t e m s  
t h a t  w e re  n o t  a s  i m p o r t a n t  i n  t h e  d i e t s  o f  o t h e r  p r e d a t o r s .  P e r h a p s  
e a c h  p r e d a t o r  ha* a  food  r e f u g e  i n  t h e s e  p r e y  s p e c i e s  i f  food  d o e s  
become l i m i t e d .  Due t o  o v e r e x p l o i t a t i o n  by f i s h i n g  v e s s e l s ,  
p o p u l a t i o n s  o f  f i s h e s  on t h e  o u t e r  s h e l f  may be b e l o w  c a r r y i n g  
c a p a c i t y  ( C l a r k  a n d  Drown, 1977 ;  Edw ards  and  Bowman, 1 9 7 9 ) ,  a l l o w i n g  
s e v e r a l  d o m i n a n t  s p e c i e s  t o  c o e x i s t  on s i m i l a r  f ood  r e s o u r c e s .  At 
h i g h e r  p o p u l a t i o n  l e v e l s ,  f i n e r  food  r e s o u r c e  p a r t i t i o n i n g  nay  o c c u r .  
With r e d u c e d  f i s h i n g  p r e s s u r e  due  t o  e x t e n d e d  j u r i s d i c t i o n  by t h e  
U n i t e d  S t a t e s ,  f i s h  p o p u l a t i o n s  on t h e  o u t e r  s h e l f  may i n c r e a s e ,  and  
food c o m p e t i t i o n  may become i n t e n s e .
S e a s o n a l  i n t r u s i o n s  o f  a b u n d a n t  p r e d a t o r s  c o u l d  a l s o  r e s u l t  i n  
food r e s o u r c e  l i m i t a t i o n  a n d  c o m p e t i t i o n ,  T y l e r  ( 1 9 7 2 )  r e p o r t e d  t h a t  
s e a s o n a l l y  a b u n d a n t  s p e c i e s  d i d  n o t ,  a s  a g r o u p ,  f e e d  on  a u n i q u e  s e t  
o f  p r e y  s p e c i e s .  I n  t h e  p r e s e n t  s t u d y  JJ. c h r y s o p a , a s e a s o n a l  
s p e c i e s ,  was s i m i l a r  i n  d i e t  t o  U, c h u a  a and  H. b i l i n e a r  i s . Ocean  
pou t  were  o n l y  a b u n d a n t  s e a s o n a l l y  ( i n  s u m m e r ) , b u t  f e d  on comnon p r e y  
s p e c i e s  s h a r e d  w i t h  o t h e r  p r e d a t o r s .  A p p a r e n t l y  s e a s o n a l  i n t r u s i o n s  
o f  a b u n d a n t  p r e d a t o r s  do n o t  a f f e c t  f ood  a v a i l a b i l i t y  on  t h e  M id d le  
A t l a n t i c  S h e l f ,
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O v e r l a p  i n  d i e t  b e t w e e n  c l o s e l y  r e l a t e d  s p e c i e s  i s  g e n e r a l l y  
lower  t h a n  t h a t  f o r  u n r e l a t e d  s p e c i e s  s u g g e s t i n g  food r e s o u r c e  
p a r t i t i o n i n g  a o n g  c l o s e l y  r e l a t e d  s p e c i e s .  Thu*  th e  c o n g e n e r s  U, 
c h u t i  and JJ, r e g i u s  show a low s i m i l a r i t y  in  p r e y  s p e c i e s  and p r e y  
s i c e  ( F i g .  4 6 ) .  S e a s o n a l l y ,  t h e  b o t h i d s  C i t h a r i c h t b y s  a r c t j j f r o n a  and 
H j p p o g l o a e i n n  o b l o n g a  were a l a o  q u i t e  d i s s i m i l a r  in  d i e t -  S t i l l ,  no 
p r e d a t o r  m o n o p o l i z e d  any t r o p h i c  r e s o u r c e .  T h i s  a p p a r e n t  food 
r e s o u r c e  p a r t i t i o n i n g  among c l o s e l y  r e l a t e d  s p e c i e s  may be due ,  n o t  t o  
p r e s e n t  l i m i t e d  food  r e s o u r c e s ,  b u t  t o  p a s t  e v o l u t i o n a r y  h i s t o r y  o f  
t h e s e  s p e c i e s .
F i s h  Food H a b i t s  and Im pac t  A s s e s s m e n t
The p o t e n t i a l  im pac t  o f  o i l  and g a s  d e v e l o p m e n t  and p r o d u c t i o n  on 
f i n f i t h  o f  t h e  o u t e r  c o n t i n e n t a l  s h e l f  s h o u ld  m a i n l y  r e l a t e  t o  fo o d  
h a b i t s ,  f e e d i n g  m echan ism s  and  b e h a v i o r ,  a s  w e l l  a s  m ar ine  food c h a i n  
s t r u c t u r e .  From t h e  d a t a  p r e s e n t e d  h e r e i n  i t  i s  c l e a r  t h a t  
m a c r o b e n th i c  i n v e r t e b r a t e s  a r e  a v e r y  i m p o r t a n t  food  s o u rc e  f o r  t h e  
d e m e r s a l  f i s h  com m uni ty  o f  t h e  o u t e r  s h e l f .  The  b e n t h i c  e c o s y s t e m  i s  
t h e  most l i k e l y  s y s t e m  t o  be  a f f e c t e d  by o i l  a n d  gas  d e v e lo p m en t  on 
t h e  c u t e r  c o n t i n e n t a l  s h e l f  (B o e s c h  jet_ a H  , 1 9 7 4 ) .
S a n d e r s  e t  j t l .  ( 1972 )  found  t h a t  i n  h e a v i l y  o i l e d  b o t t o m s ,  
b e n t h i c  i n v e r t e b r a t e s  were  v i r t u a l l y  e l i m i n a t e d .  In a d d i t i o n ,  a n d  
p e r h a p s  more i m p o r t a n t l y ,  c e r t a i n  s e n s i t i v e  s p e c i e s  were e l i m i n a t e d  i n  
t h e  p e r i p h e r a l  a r e a s  o f  t h e  s p i l l .  T hese  s e n s i t i v e  s p e c i e s  i n c l u d e d  
ainpeLiacid  a m p h i p o d s ,  s v e r y  i m p o r t a n t  food s o u r c e  fo r  many d e m e r s a l
156
F i s h e s .  O v e rb o a rd  d i s c h a r g e  o f  d r i l l  c u t t i n g ! ,  d r i l l i n g  tajd and te n d  
may r e s u l t  in  l o c a l i z e d  a r e a a  o f  r e d u c e d  b e n t h i c  p r e y  a b u n d a n c e  a n d ,  
h e n c e ,  r ed u ce d  f i s h  abundance .  I n t r o d u c t i o n  o f  p e t r o l bud h y d r o c a r b o n *  
and o t h e r  t o x i c  compounds aa a r e s u l t  o f  d r i l l i n g  or  p r o d u c t i o n  c o u l d  
e i t h e r  re d u c e  p r e y  a v a i l a b i l i t y  o r  l e a d  t o  c o n c e n t r a t i o n s  o f  t o x i c  
m a t e r i a l s  i n  f i s h e s  f e e d i n g  i n  t h e  a r e a .
O i l  deve lopm en t  h a s  o t h e r  p o t e n t i a l  e f f e c t s  on  t h e  f e e d i n g  o f  
d e m e r s a l  f i s h e s ,  A m a jo r  e f f e c t  o f  p e t r o l e u m  on m a r i n e  o r g a n i s m s  i s  a 
r e d u c t i o n  of  chem oaensory  a b i l i t i e s  ( R i t t r e d g e ,  1 9 7 4 ) .  F e e d i n g  
b e h a v i o r  in  f i s h e s  l s  o f t e n  i n i t i a t e d  by c h e o o r e c e p t i o n  ( K l e e r e k o p e r , 
1969; t i a r a ,  1 9 7 1 ) .  Chemoaensory cues  h a v e  b e e n  shown t o  be i m p o r t a n t  
i n  th e  f e e d i n g  b e h a v i o r  a f  U. c h u a s , F r i o n o t u s  s p p ,  ( B a r d a c h  and 
Case ,  1965) and  f l a t f i s h e s  ( d e  G r o c t ,  1 9 6 9 ) .  I t  i s  l i k e l y  t h a t  o t h e r  
s h e l f  f i s h e s  r e l y  p r i m a r i l y  on c h e m i c a l  c u e s  i n  f e e d i n g  and would be 
a f f e c t e d  a d v e r s e l y  by o i l  s p i l l s .  I n c r e a s e d  t u r b i d i t y  c a u s e d  by 
d r i l l i n g  c o u ld  a l s o  a f f e c t  v i s u a l  f e e d e r s .
F i s h  a r e  h i g h l y  m o b i l e  and may be a b l e  t o  a v o i d  l o c a l i z e d  a r e a s  
c o n t a m i n a t e d  by o i l  d e v e lo p m e n t .  However,  c e r t a i n  a r e a s  on  t h e  o u t e r  
s h e l f  h a v e  b e e n  found t o  be p a r t i c u l a r l y  p r o d u c t i v e  h a b i t a t s  f o r  
m a c r o b e n t h i c  i n v e r t e b r a t e s ,  Swale a r e a s ,  i n  p a r t i c u l a r ,  a r e  more  
p r o d u c t i v e  (B o e s c h ,  e t  a l , ,  1978;  B o es ch ,  1 9 7 9 ) .  Some p r e d a t o r  
s p e c i e s  examined fed  on h ig h  c o n c e n t r a t i o n s  o f  i n v e r t e b r a t e  s p e c i e s  
found i n  t h e  s w a l e s .  Some of t h e s e  s p e c i e s  a r e  a n p e l i s c i d  u t p h i p o d s ,  
which a r e  muong t h e  more s e n s i t i v e  members o f  t h e  b e n t h o s  ( S a n d e r s  e t  
a l - 1 9 7 2 ) .  As Boesch  e t  a l .  ( 1 9 7 8 )  have s u g g e s t e d ,  t h e s e  p r o d u c t i v e
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a r e a *  a r e  l i k e l y  t o  c o l l e c t  c o n t a t i n a n t *  b e c a m e  t h e y  c o l l e c t  f i n e r  
■ e d i o e n t e ,  and  s p e c i a l  p r e c a u t i o n  s h o u l d  be t a k e n  i n  d e v e l o p i n g  t h e s e  
■ v a l e  a r e a s .
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